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Now there is another choice in high quality solder. The new Oryx resin cored solder. Try it and you will find it spreads 
easier than the solder you are using. 

Specially formulated for fast precision solder work, itis 60% tin, 40% lead alloy with quality flux construction and melts at 183°C, 
Two gauges are available—18 SWG (1.2mm) and 22 SWG (0.71mm) in 2.5 Kg, 500g, 250g and 100g reels. Pocket size 
dispenser with 10 feet of Oryx 1mm solder is also available at only 68p (+ VAT). 

Oryxis competitively priced — write now for details and technical information. 


Greenwood Electronics 


Greenwood Electronics Limited, Portman Road, Reading, Berkshire RG3 INE. Telephone: (0734) 595844. Telex: 848659 
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The TC82-a significant _.. il 
development in Co 
temperature a 
controlled 


soldering 
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The new Oryx TC 82 has features unique to any 
temperature controlled precision soldering iron. 
Availablé in 24 V, 50 V, 115 V and 210/240 V models, 
the TC 82 has a facility allowing the user to accurately 
dial any tip temperature between 260°C and 420°C 
by setting a dial in the handle without changing tips. 

This eliminates the need for temperature 

measuring equipment. You get faster and better soldering. 

For 24 V models a special Oryx power unit connects directly to the iron and contains fully isolated transformer to BS3535, a 

safety stand, tip clean facility and illuminated mains socket switch. 
The OryxTC 82 is also extra-safe. Removing the handle automatically disconnects the iron from power source. 
Other TC 82 features include: Power-on Neon indicator in handle; bum proof cable; choice of 13 tip styles. 
And more good news 
The Oryx TC 82 iron costs only £13.00 (+ VAT) and the power unit for 24 V operation £23.00 (+ VAT). 
The TC82 240 volt is also available as a 30 watt general purpose iron at only £3.95 (+VAT). 


Greenwood Electronics Limited, Portman Road, Reading, Berkshire RG3 INE. Telephone: (0734) 595844, Telex: 848659 _ 
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GOULD OSCILLOSCOPES SET A HIGHER STANDARD 


THE NEW GOULD 0S300 
DUAL-TRACE 20M Hz *SCOPE 


The OS300: as tough as the 
environment you use it in, 
e.g. measuring vibration 
characteristics of rotating 
machinery and mechanical 
structures on site. 


A tough, professional instrument 
you can trust — at a price you can 
afford! Built to do more — safely, 
reliably and longer. 

Complete with a 2-year guarantee. 
This robust and highly portable 
oscilloscope has obvious applica- 
tions in test, production, service 
and R & D areas. 

As some of the specification high- 
lights make clear: *True 20MHz 
operation — compare its maximum 
display amplitude at full bandwidth 

10614 


cae smi 


with competitors; %* Continuously 
variable amplifier sensitivity with no 
loss of bandwidth from 2mV/cm to 
25V/cm; %*Differential measure- 
ments can be made using the 
channel 2 ‘add’ and ‘invert’ controls; 
*X-Y operation for frequency and 
phase shift measurements; *New 
type CRT with quick-heat cathode to 
reduce operational delays and P43 
phosphor for a brighter display. 

And many other features designed 
specifically for you! 
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TRIGGER 


Comprehensive data is yours forthe 
asking. On this tough little ‘scope. 


Gould Instruments Division, 
Roebuck Road, Hainault, Ilford, 


Essex IG6 3UE. 
Telephone: 01-500 1000. 
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An impression of crisis control, 
created by Geoff Barrold, linked 
with R. E. Young’s article on the 
subject in this issue. 


NEXT MONTH 


Line printer — an interface 
for driving a 40-column, 
dot-matrix, mechanism 
from a 28D based 
computer. 


GPIB/serial interface — 
Chris Jay demonstrates an 
‘economical and practical’ 
solution with talker/listener 
capability. 


Light pen — reads screen 
characters, in memory- 
mapped display 
microcomputer systems, 
and returns address. Design 
uses fibre-optic cable. 


Current issue price 70p, back issues (if 
available) £1, at Retail and Trade Coun- 
ter, Units 1 & 2, Bankside Industrial 
Centre, Hopton Street, London SET: 
Available on microfilm; please contact 
editor. 
By post, current issue £1.6p, back issues 
{if available) £1.50, order and payments 
to EEP General Sales Dept., Quadrant 
House, The Quadraht, Sutton, Surrey 
SM2 5AS. 
Editorial & Advertising offices: Quad 
rant House, The Quadrant, Sutton, Sur- 
rey SM2 5AS. 
Telephones: Eatonia 01-661 3500. Ad- 
vertising 01-661 3 
Telegrams/T: elex: 132084 BISPRS G. 
Subscription rates: 1 year £12 UK and 
£15 outside UK. 
Student rates: 1 year £8 UK and £10 
outside UK. 
Distribution: Quadrant House, The Quad 
rant, Sutton, Surrey SM2 'SAS. Tele- 
phone 01- -661 3500. 
Subscriptions: Oakfield House, Perry- 
mount Road, Haywards Heath, Sussex 
RH16 3DH. Telephone 0444 59188. 
Please notify a change of address. 
USA: $39 surface mail, $98.30 airmail. 
US subscriptions from IPC B.P. Sub- 
scriptions Office, 205 E.42nd Street, NY 
10017. 
USA mailing agents: Expediters of the 
Printed Word Ltd, 527 Madison Avenue, 
Suite 1217, New York, NY 10022. 2nd- 
class postage paid at New York. 
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GRAVEN IMAGES, NEW STYLE 


CRISIS CONTROL 
-hy R. E. Young 


80-100 WATT MOSFET AUDIO td hers 
by John Linsley Hood 


LITERATURE RECEIVED 


DIGITAL FILTER DESIGN — 2 
by B. M. G. Cheetham and P. Hughes 


LETTERS TO THE EDITOR 


MICRO-CONTROLLED RADIO- CODE CLOCK 
by N. E. Sand 


DIGITAL AUDIO SIGNAL PROCESSING BY 
MICROCOMPUTER by J. B. Watson 


CIRCUIT IDEAS 


DIGITAL FREQUENCY ig al 
by J. M. Bryant 


NEWS OF THE MONTH 


LEAKY FEEDER COMMUNICATION 7 


“7 byD. J.R. Martin 


E MICROPROCESSOR CONTROLLED LIGHTING SYSTEM 
by John D. H. White and Nigel M. Allinson 


HERETICS GUIDE TO MODERN PHYSICS 
by W. A. Scott Murray 


ERROR-CORRECTING SOFTWARE 
by N. Darwood 


COMMUNICATIONS 


NRZ RECORDING 
hy L. Hayward 


PARIS COMPONENTS SHOW 
by M. E. Eccles 


NEW PRODUCTS 


114 APPOINTMENTS 


Electronic Brokers — 
User Test Equipment. — 
Makes engineers smile without 


 CX80 colour adit 


MATRIX PRINTER £795 V.A.T. 


At last a low-cost Colour Matrix Printer for : 
Text, Graphics, Histograms, Colour VDU 
Dumps, etc. 


Colour printout is quickly assimilated, 
makes graphics more understandable 
and is an ideal medium for the presen- 
tation of complex data or concepts. 


Compatible with most microprocessors ine in7c = icti : 
, colours ' 
programme makes the CX80 easy to use. R : sophisticated internal 


Dot Addressable + 15 user programmable a 96 AS 
characters in rom. Centronics interface with RS232 and EEEASS atin 


interface gives dot for dot colour dump. New viewdata i i 
side by side in full colour. See Prestel 200650. > a terface prints out two pages 


making accountants cry. 


manufacturer's sales specifications. When 
you buy used equipment from Electronic 
Brokers, it can be yours in just days. No 
waiting for manufacturers lengthy production 
schedules. Al! equipment is fully guaranteed. 


Electronic Brokers are Europe’s leading 
Second User Equipment Company. We carry 
large stocks of the very latest test equipment 
which is refurbished in our own service 
laboratories and calibrated to meet the 


64 graphics 
ns. Apple Il 


The CX80 is a product of our own design and development laboratories. It represents 


a British breakthrough in colour printer t AN 
TF2002B AM/FM IOKHz-88MHZ ......£1200.00 PCM-1 PCM Test Set, PDA-64 PCM Signalling 
pricin availabl g p er echnology. Colour brochure on request. OEM AĽOGUE VOLTMETERS FREQUENCY COUNTERS TF2170B Synchronizer for TF2002B ...£450.00 Analyser, PSM-4 Level Measuring Set Scanner. 
9 e. Avo nso Fee E E O IGU 2750/06 TF995B/2 AM/FM 200KHz-200MHz ...£695.00 PDG-1 Digital Signal Generator, PDA-1 PCM 
a aed Multimeter .......-!. SATS. ae plies al Proof 9 Digit 5 Treg son 2 Tepes sonal source, ZOH ORDI Digital Signal ANalyser -x.ar POA, 
| Bruel an er i “1 11GB in O.10B steps: tiaa. -l $ 
l Portwood Ind cs 2409 TRUE E Average and Peak 2Hz- 125MHZ oso. sessostesssseseeseesereeeren ise 1 £625.00 TF2008 ANIFM AREYE GAM ie MISCELLANEOUS 
od Industrial Estate, Church Gresley. 200K+z .. Me. Giri: tae £250, Hewlett Packard sweeper. Output 0.2nV-200mV ......£3500.00 Bruel & Kjaer 
| Burton-on-Trent, Staffs DE11 9PT Hewlett Packard 5 340A 8 Digit 10Hz-!8Gt2.............£3750,00 pE20le tna aa oes AM/FM 2209 Sound Level Meter .......... a. £975.00 
r -On- A Ti Imv- 10Hz-10M A z Zee : Apes . Dymar . 
Burton-on-Trent (0283) 215432. Telex: 377106 a Shi eee oH £600.00 MAA B digt 10Hz-560MHz Battery/Mains TF2169 Pulse Modulator for use with TF2015 2085 AF Power meter 20Hz-30KHz 10pW- 
3406A tmV-3V FSD 10KHz-1.2GHz ..£850.00 EGS O m ete oars sea were: SOW input IMP 1.2-1000ù ....»........ £250.00 
WR TUS ec a aR 5 Ferrograph 
ee ety OOV FSD 10Hz 10MH DSSESSCOrES TF 2015 AMIFM Generator 10-520MHE, | og ere Gone £355.00 
one ee -€245,00 reon A ea ee E e Fluke 
FF2603 RF Wilivottmeter 300KV Sensitivity E22 Nall TK ZY Oni AE escaton 20 SARANA ec 3010A Logictester. Self Contained. Portable. 
SOKH2-1.5GH2Z sesesesessrrnsenonectensenerror £525.00 Paus A i ane = eae ee $ Full Spec. ON REQUESE -+++ £8500,00 
4 = Hewlett Packard. 
KONTAKT Encollonsetapoctal atsrs peal 3301A RF Millivoltmeter ............... -£525.00 e a E Soe oe 7 000 355E 12dB Programmable Attenuator unused 


Toroidal 


Excellence. Special cleaners for all 
electrical contacts and switches. 


Rohde & Schwarz. 
URV RF-DC Mitlivoltmeter DC 50V- 1050V RF 
10KHZ-2GHZ........ e- paa S000. 


’ 


Kontakt 60 

Dissolves oxides and sulphides, 
removes dirt, oil, resin and traces 
of metal abrasion. Protects 
against erosion. Ensures perfect 


Transformers 


contacts. 
7 THE COTSWOLD 
BUDGET RANGE“ OFFERS K Kontakt 61 
BUILT-IN QUALITY COUPLED 2 anti-corrosion Hud for NEW, es 
TO A RELIABLE T contacts. An excelent lubricant 
DELIVERY SERVICE H for all electrical ate STEETS 
MOST TYPES Li mechanical systems. 


FROM STOCK Spray Wash WL 


A rapid cleaner for reliable wash- 
ing and degreasing of electrical 
equipment and components. For 
removal of dirt, grease, oil, solder- 
ing residues and other impurities. 


IEC 65 
VDE 0550: 
BS 415 

TO ORDER 
ALSO AVAILABLE: 


A COMPLETE RANGE OF INDUSTRIAL AEROSOL SPRAYS 


- PHONE 
TELEX, WRITE 
OR DATA SHEET 
AND PRICE LIST 


K101 Fluid Spray and, of co 
Circuits. 


Details from: 


Special Products Distributors Ltd. 


81 Piccadilly, London, W1V OHL 


Cotswold Electronics trp. 


Unit T1, Kingsville Road, Kingsditch Trading Estate, Cheltenham GL51 9NX 
Tel: 0242-41313 


Telex: 897106 
% 4 
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SK10 Soldering Lacquer, K75 Cold Spray, K70 Plasti 8 Oi 
i f, i stic Spray, K88 Oil Spray, K 
Vaseline Spray, K90 Video Spray, K33 Graphite Satay: Kioo ATENE Soom 
urse, Positiv 20 positive photo resist for printed 


Tel: 01-629 9556. Telex: 26500 (answerback RACEN). Cables: Speciprod, London 
wi D É 


Marconi 


Soiartron 
JM 1172 TFA.... 


distortion Oscillator 
Tektronix 


ASNEW........ 
| BRIDGES 


Marcon! 


Za -7 BOKAZ eens 


Fluke 


Philips 


Solartron. 


7055 Microprocessor DMM. Scale Length 
982 20,000. AC/DC volts. resistance. ]nzV 


resolution . 
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ANAL 
H Packard 
3580A Spectrum Analyser 
141/T/8552B/8555A 10M 
332A Distortion Meter 5Hz-600KHz ...£495.00 
333A Distortion Meter with Auto null £675.00 
} 8407/A/84 1 2A Network Analyser ....£1950,00 
8555A Plug in. JOMH2-18GH42 -...---£5000.00 


18GHz .£9750.00 


TF2370 Spectrum Analyser 30Hz-} 10MHz 

0.1dB and 5Hz resolution............... £6500. 
TK2374 Zero loss probe for TF2370 ...£375.00 
TF 2300B Modulation Meter ...... 


Sound Technology 

1700A measures distortion down to 0.002%. 
_ AC voltage 30nV-300V, S/N Ratio 100dB 

Dynamic range, power into 


R491 Spectrum Analyser |OMHz-40GHz 
eee cence S500. 


TM4520 Set of Inductors 


Rohde & Schwarz. 


LRT {BN6 100) Inductance Meter. 1 pH-100uH 
eye en £395.00 


Wayne Kerr a 
Sa: ` 


BGP SSRIO), | 96: teen. A 
SR 268 Source & Detector ............5.. 


DVM’s AND DMM’s 


8300A 5⁄2 Digit DC only 
ranges to 1 100V .......... 


p: 
PM 2523-01 LED 3⁄2 Digit DMM .........£95.00 


E cee aat £495.00) 
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PM 3244 SOMHz 4 Channel Delay T'Base 
Tektronix. 
453A Dual Trace DC-60MHz Portable Sweep 
Delay... Sah. Mea cts. £750.00 
465 Dual Trace Portable Oscilloscope. DC — 
1OOMHz. 5mV-5Vidiv. Full delayed sweep 

Hra a piste .....£1395.00 
465 with DM40 —— wes £1450,00 
475 Dual Trace 200MHz Portable.....£2000.00 
7603 1OOMHz:Mainframe with 7A18N and 
7B SSN eee sos ae: G2 3000.00: 
7704A 200MHz Mainframe c/w 7A22 Diff. 
Amplifier, 7A26 Dua! Channel, 7B80 Timebase 
and 7B85 Delaying Timebase. ..........£4610.00 
S1 Sampling Head. As New....... .... .... £450.00 
7D 14 Digita! Counter plug-in 525MHz 


Pe on > eee --. £850.00 
434 Option 0} Storage Oscilloscope 25MHz 

Sot CP fe x. 22590.00) 
150Z TOR EE. aara a siesta £3 500,00) 
P6015 HV Probe.........-...505 -£295.00 
Telequipment 


DM63 Storage Oscilloscope Fitted with 2 x V4 


Plug-ins to give 4 Trace 15MHz .......€1350.00 
CT 71 Curve Tracer.......... + £450.00 
Texscan. _ 
DUE 2042” Display 0.0... ees £425.00 
RECORDERS 
Hewlett Packard 
7045A X-Y Plotter T’Base Metric....... £1150.00 
Watenabe. 
MC641 6 Channel 250mm Chart Recorder 

EER ies See i OO) 
Yokagawa 
3047 2 Channei 2 cm/HR — 60cm/MIN __- 
SIGNAL SOURCES 


Hewlett Packard. 

4204A Decade LF Oscillator. 10Hz-1 MHz. 
TMV-10V into 6002 5.0... eece eres £695.00 
606B AM Signal Generator. SOKHz-65Mrz. 


AMOSI oot tris case ccs. sere 0-0 
608F 10-455MHz AM/PCM Modulation O. 1u V- 
IN/OUT DUCE roa £600.00 
616B 1.8-4.2GHZz int or ext 


OU O 22 E S . £1000.00 
616B UHF Signal Generator. 1.8 to 4.2GHz. Int 
pulse Mod Eit ess- aaran 000.00 
651B Test Oscillator. 1 OHz-10MHz. 
OMV- OV -aara oe ee... ra S00) 
3200B 10-500MHz Signa! Source....... £475.00 


3320A Frequency Synthesizer. 0.01Hz-1 3MHz. ; 


86408 c/w options 001. 002, 003 SOOKHz- 
1024MHZ oe eee cee erect 1 £4850,00 
Marconi. 

TF144H/4 AM Signal Generator. 1OKHz- 
T2MHZ. 2UV-2V E e a £750,00 


MODULATOR n rr ine E a A £1500.00 
8412A Phase Magnitude CRT display for 
network analyser... £1500. 


Philips. 


PM5715 Pulse Generator 1Hz-SOMHz £675.00 
M6456 Stereo Generator. ...............-£250.00 
Racal 


9081 Synthesized AM/FM, Phase and Pulse 
modulation 5-520MH2... vs €2200,00 


Radiometer 

SMG? Stereo Generator ........ o £375.00 
TRANSMISSION 
MEASURING EQUIPMENT 
Stemens. 


D2040 Selective Level Anaiyser and Voltmeter. 
VOH2-60KHZ. ooo. aieeaa veer 1200.00 
D2072 + W2072 Level Meter and Oscillator. 
5OKHz-1O0MH2............. - - £2200, 
W2006 + D2006 Carrier Level Test Set. 10KHz- 
17MHz. —100to + 10dB.................£1650.00 
W2007 + D2007 Carrier Level Test Set. 
6KHz-18.6MHz, —120 to + 20dB ..£1800.00 


Wandel and Golterman. 

PF-1 Digital Error Rate Measuring Set. 
Consisting of PFM-! Digital Error Rate Meter 
and PFG-1 Pettern Generator...........£2490,.00 
SPM-6 and PS-6 Level Measuring Set 
6KHz-18.6MHz. —110dB to + 20dB. Mains / 
battery operation ......... anaa £2150.00 


8482H Power Sensor 100KHz-4.2GHz. AS 
NEW ...... ene -£250.00 
8745A S Parameter Test Set. Fitted with 
11604A Universal Arms O. 1-2GHz ...£27 50.00 
59308A HP-IB Timing Generator ........ £300.00 
Marconi, 

TF2162 M.F. Attenuator. 0-1 1 1dB......£135.00 
TF 2502 RF Power Meter DC — 1GHz 10W 

an R a N TT, £525.00 
TF2331 AF Distortion Meter 
20Hz-20K 2 T adama eain eS 99.00 
TF2500 AF Power Meter. 7 ranges 100u watts 
TOPS WALS E. aerate tre s.. ai: ike? 0,00) 
TM8339 AC/DC mixer for use with TF270 
Philips 

PM9380 Camera and Accessories (as new} 
Rohde and Schwarz. 

MSC Stereo Coder, 30Hz-15KHZz.........£500.00 
Schaffner 

NSG 509 Test Generator oo... os: £785.00 
Tektronix 

141A PAL Test Signal Generator ...... £1750.00. 
1481C PAL TV Waveform Monitor.,.£2375.00 
191 Constant Amplitude Sig. Gen. 350KHz- * ° 
100MHz 5mV-5.5V voces £250.00 
106 Square Wave Generator I nS nisetime 
10Hz- 1 MHz without accessories ..... .£175.00 
284 Pulse Generator 70pS risetime .£1250.00 
2901 Time-Mark Generator ...............£195,00 


Please note: Prices shown do not include VAT or carriage. 


P= a, oe ee 
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Electronic Brokers | 24 = | 2H = | Z 
Electronic Brokers Limited 
61/65 Kings Cross Road 
London WC1X 9LN 
Telephone: 01-278 3461 
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| Telex: 298694 Elebro G : 


DIL compatible configurations 

CMOS and TTL outputs 

Wide temperature ranges 

Frequencies one pulse per day to 60 MHz 


PORTABLE MAINS DISTRIBUTION 
NOW WITH EARTH LEAKAGE 


FOR INSTANT MAINS DISTRIBUTION IN 
OFFICES, LABORATORIES, WORKSHOPS 
AND FOR MAXIMUM SAFETY 


N13A/6 
£23.40, £1.50 P&P + VAT 


BEL5SW f z Eod a 


£61, £2.25 P&P + VAT ] 
£44.50, £1.50 P&P + VAT 13A/4SW 
£22.40, £1.50 P&P + VAT 


13A/5/ pede aj T13A/5 


| £21.75 
£ CELT TII ELSA 
Acs 13A/6SW Sloping a 
£26, £1.50 P&P + VAT. 


N13A/3 
£16.77, £1.50 P&P + VAT 
DELIVERY EX-STOCK 


FACTORY NO. 8, 5-7 LONG STREET Cx 
ectronics Ltd. LONDON E2 8HJ Tel: 01-739 2343 


Multi Direct Drive 
Cassette Mechanism 


] 


3 Motor Direct Drive ¢ High Reliability e Wide Speed Range, 
1,2-19cm/s ° Designed for Full Remote Control 


Many standard frequencies from stock Interface Dual Capstan: 0.16% Wideband Wow/Flutter 
Quartz à 0.07% DIN Pk Wtd.Wow/Flutter 
ee A evitre Motion Sensors and Tachogenerator: Intelligent Control of 
More details of specifications from Limited Unit 


Applications: Studio Quality Recording Equipment e 
Compact Transportable Equipment ¢ Industrial Recording 
and Monitoring : 


PAPST 


PAPST MOTORS LIMITED, PARNELL COURT. EAST PORTWAY INDUSTRIAL ESTATE. 
ANDOVER. HAMPSHIRE TEL ANDOVER (0264) 53655 TELEX: 477512 


Crewkerne (0469) 74433 
Telex 46283 inface g 


2g Market Street 
Crewkerne 
| Somerset TA18 7JU 
>= 
a SS a 
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SINEWAVE 
INVERTERS 


—FROM CARACAL 200-1000 VA 


Caracal offer you the U.K.’s widest range of high-quality 
static inverters. Our inverters are used in many countries 
throughout the world wherever a reliable and stable source 
of A.C. power is needed for computers, communications, 
instrumentation, etc. They are also frequently used for 
mobile or marine applications where only a D.C. source is 
available. 


Caracal inverters employ modern pulse width modulation 
technology which is replacing obsolescent tuned-type (ferro- 
eat inverters, by giving higher efficiency throughout 


the load range, very low standby current, and lower weight. 


We have a large range of models and options, at competitive 
prices, to suit your exact requirements. 


19-INCH RACK MOUNTING 


Now all inverters are also available in 19-inch chassis form 
for rack mounting. ' 


- Export | 
‘ enquiries 
welcome 


CARACAL POWER PRODUCTS LIMITED 
42-44 SHORTMEAD STREET, BIGGLESWADE, BEDFORDSHIRE 
Telephone: 0767 81361 
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| We supply 
FLUKE 


dustry 


* NOW WITH A 2 YEAR WARRANTY 


* Fluke 8022B 
3% Digit hand held LCD. DMM. AC/DC volts, 
DC/AC current, resistance. diode test. 0.25% basic 
DC accuracy. Overload protection. Vinyl carrying 
Case OER OOM eR eins. ee ee £85.00 


* Fluke 8021B. 


Same spec as 8022B with additional audio tone for 
‘ontinuity. Vinyl case C90 £8.00 ......... £95.00 


‘Fluke 8020B 

A digit 0.1% basic DC accuracy. DC/AC volts, 

= SIAC current, resistance, diode test and 
conductance. Continuity beeper. Viny! case C90 
£800). cee. Bien: Weer aay <. + o A £125.00 


* Fluke 8024B 

3% digit. 0.1 % basic DC accuracy. DC/AC volts, 
DC/AC current, resistance. Diode test, 
conductance, logic + continuity detect + 
temperature. Peak hold on voltage and current 
functions, continuity beeper: Vinyl case C90 

ES OO tts ..< ere: S £155.00 


FLUKE 8050A 

4⁄2 Digit LCD DMM with true RMS.on AC volts 
and current DC volts 200mV-1KV, 10uV 
resolution AC volts, 200mV-750V, 10V 
resolution. DC/AC current 200pA-2A, 0.01 pA 
resolution resistance 2009-20M2. 0.012 
resolution. Also reads dB direct referericed to 16 
stored impedances. Conductance ranges 2mS and 
200nS. £255 mains model £285 mains battery 


ane <a 
iaa A FLUKE 8012A 
ai 3⁄2 Digit LCD DMM with true RMS on AC volts 


Ze 


and current. DC volts 200mV-IKV, -1 00V 
resolution. AC volts 200mV-750V, 100uV 
$ ‘esolution. DC/AC current 200KA-2A, 0. 1pA 
resolution. Resistance 2002-20MQ, 0.12 
resolution Low résistance 22.and 202. ImQ 
resolution Conductance ranges 2MS-204S-200nS 
£229.00 mains mode! £259.00 mains battery. 


FLUKE 8010A 

3% Digit LCD DMM Same spec as 801 2A plus a 
10Amp AC/DC current range, but not low" 
resistance range. £175,00 mains model £203.00 
mains battery 


ACCESSORIES 

A8IE230 Battery eliminator e cg een. ae = 
C90 Carry case for hand held . 
BOIEGOOVAMPICAO ee EMM come «cane re «Oe ES -e 
BOUBTOMEU MEMES i HO Aq a a ce MR lah fcldia eis aie esl 
BOKOR prODeV4ORV Tre oe as «wo ae Be 4 2 
80K 6M. PlODEIGKV Gea. E ae x 

80T-150 Temperature probe 
80T-H Touch hold probe........ ae 
Sa iieeorobe OOM Zammmmerten ttt. sees cere vs oe eluates: o j 
ESRF'RF probe SOON taza EE E E e a ete arr . £69.00 
YS102 Thermo coü Mepro nem an ca n e a S £41.00 | 
Y8103 Bead thermocouples... i. a £18.00 
Y8104 K type thermocouple termination. ..... £8.00 
reise Deluxeresi leads ae. wee a £13.00° 
Full Specs. on Request. ~ 

The above prices do not Include carriage 
or VAT (15%). 


Simply Phone or 

, Telex your order for 

| immediate dispatch. 

| Electronic Brokers Ltd 
61/65 Kings Cross Road 
London WC1X 9LN 
Telephone: 01-278 3461 
Telex: 298694 Elebro G 
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AmCcron 
INDUSTRIAL 


x POWER RESPONSE DC -— 45KHz + 1dB. 


k OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Chm LOAD 
(CONTINUOUS R.M.S.) 


x D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA. . 
% HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6 


OHM 


S. 
% PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT 


OSCILLATORS. 


GENERATORS, AND MANY OTHERS. 


%& OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH 
VIRTUALLY ANY LOAD. . 
K FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE 


INTO ANY LOAD. 


% TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kw. 


% INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS. 
%& 3-YEAR PARTS AND LABOUR WARRANTY. 
X UNITS AVAILABLE FROM 100VA-12KVA. 


For full details on all Amcron Products write or phone Chris Flack 
ATTLEBOROUGH H 

U 
i Analogue Associates 
Tel: 0953-452477 


PIONEER HF TX/RX 


general coverage receiver fea- 
turing all-mode reception (AM, 
USB; LSB and FM) with an 
optional 12-channel memory 
unit for instant frequency recall. 
When used in conjunction with 
the optional memory unit this 
receiver lends itself admirably to 
channel monitoring, for 
example, on 2182, 4125 and up 
to 10 other frequencies. To com- 
plete the installation VHF 
convertor units are available 
covering amateur, marine and 
PMR frequencies. Prices from 
£329 including VAT. 


FRG7700: 150 KHz to 29.999 MHz. 
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COMMUNICATIONS EQUIPMENT 


“Pioneer”; HF SSB mobile or 
base station transceivers operat- 
ing between 1.6 and 18 Mhz with 
100 watts RF output. Features, 6 
simplex or 3 semi-duplex chan- 
nel operation with squelch facil- 
ity available on all modes. Re- 
quires only a 12 VDC source and 
a 50 ohm aerial to complete the 
installation. For mobile installa- 
tions, we recommend our HW4 
single channel whip and for base 
stations our range of trap di- 
poles. Complete station prices 
from £600 plus VAT. 


GENERAL COVERAGE 
RECEIVER 


SOUTH MIDLANDS COMMUNICATIONS 


whens LIMITED 
gga SM HOUSE, OSBORNE ROAD 
SMC ) <)> TOTTON S04 4DN, SOUTHAMPTON 
Saar ENGLAND 


TELEX: 477351 SMCOMMG 


TEL: 0703 867333 
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MUSCLE 


. p- 


, PRECISION 
%& UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION 


Model — M600 


PROFESSIONAL INDUSTRIAL ELECTRONICS 


CLEF ELECTRONIC MUSIC 


P R BAND-BOX 
| PIANOS DOMESTIC OR STAGE af An Electronic Backin: 
at SIX OR 71⁄4 OCTAVES TRIO, Drums, Bass 


73 KITS OR MANUFACTURED Casnpigaetag ane 
F- VOCAL & INSTRU- for 50-100 scores, 


User Programmable 
The most advanced | MENTAL SOLOISTS! using microprocessor— 
form of touch-sensi- I 
tive action simulat- ¥ MASTER RHYTHM 
ing piano key inertia § User Programmable 
by patented tech- i DRUM MACHINE. 
ngue: ü Twenty-four patterns. 
: | Eight paraltel tracks. 
Four mixable voices ff Twelve instruments 
for serious tone || sequence operation. 
variation plus jj. 
electronic chorus |} Write or Phone for full details of our range of 
and flanger effects. |} high quality Kit and manufactured Electronic 
Musical instruments. Prices include V.A.T., Carr., 
Component Kits in- $ & Ins. and we operate Telephone BARCLAY- 9 
clude Keyboard. CARD/ACCESS n . 
Competitive EXPORT Quotations given. Ero 


£ Ta Full Kits further co- H CLEF PRODUCTS (ELECTRONICS) 
Comp 217 $ 244 | tain: Cabinets, Har | LIMITED i 


ness, Power Amp 
Full Å 363.90 399.90 | and Speaker. Dept. W, 44a Bramhali Lane South , $ 
MFD $ 595 675 Bramhall, Stockport, Cheshire SK7'1AH 4 
all, Stockpo: a! 
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£79 KIT £119 BUILT -| 


DOMESTIC PRICES 


Line Female A3F.... 
Line Male A3M 


Chassis Female D3F. 
Chassis Male D3M .. 


4,5,6 and ?-pin Versions and large selection audio adaptors available 


NEUTRIK _ XLRCONNECTORS l 


Latchless Chassis NC3-FZ................-. -+ £0.67 Latchless Chassis Male NC3-M2Z............ 

Line Female NC3-FCC........... 5 = £1.34 Line Male NC3-MC.... 1112 

Female Chassis NC3-FP ........... 1...1 £1.65 Chassis Male NC3-MP o.........s.e0ccsss00cecseece 
4,5-pin, PCB and black versions and large selection of audio adaptors available: 


_ XLR LNE MAIN SERIES 


XLR LNE 11C. sremu £3.87 XLR LNE 120. ............. 


XLR LNE 32... 


R A] XLR LNE 31...17- 


BELCLERE AUDIO TRANSFORMERS 
EN6422 Ratio + 1.2 + 2. Freg. 40Hz-35KHz. PRI 150/6000, sec. 600/2.4K12...... B. 


EN6423 Ratio 1 + 1:6.45 + 6.45. Freq. 40HZ-25KHz. PRI 150/6000. sec. 6.25K, 64 
SKT-723 MuMetal Screening can, 39dB reduction SOHz ext. field... £1.15 


Trade enquiries welcome: quantity discounts available. All prices subject to V.A.T. Call. write or 


phone. Min. order £10. Please add £1 postage. Access, Amex, Barclaycard. 
we KELSEY ACOUSTICS LTD 
=) 
WIRELESS WORLD JUNE 1982 


28 POWIS TERRACE, LONDON W11 1JH 
01-727 1046/0780 
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Ban itwith Werss 


METER PROBLEMS? 


137 Standard Ranges in a variety of 
sizes and stylings available for 10-14 
days delivery. Other Ranges and 
special scales can be rnade to order. 


Full Information from: 

HARRIS ELECTRONICS (London) 

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 
Telex: 892301 HARTRO G. 
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Croydon Micros 


AA IN STOCK x4 


ELECTRONIC 
MAGNIFICENCE 


Personal Computer 


ee PE DS PA TS D | “Looky 

PREP AEE Pa E Tb Yala 

whieh Ay | pan | 
i Sa å 


Over £50 worth of FREE progs. including 
BASIC tutorial, 10 games, home finance, 
and GEMINI tape database. 


01-689 4349 


Jx Now in our new premises *&¥* 
20-28 Whitehorse Rd., Croydon CR9 2NA 


ALSO — PC1500 Pocket Computer — £145 


om 
Prices include VAT FRONTREALM LTD. (T/A) 
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We supply 
HAMEG 


for Industry 


HM 203 PORTABLE 
OSCILLOSCOPE 


Dual Trace. DC to 20MHz. 8 x 10cm 
display. Risetime 17,5nS. Sensitivity 
5mV/icm-20Vicm, Timebase 0.5pS-0.25. 
x 5 magnifier. X-Y operation. Auto or 
variable trigger. Channel 1, Channel 2, 
line and external. Coupling AC, or TV 
low pass filter, Weighs only 6Kg. Size 
{m.m.) H 145, W. 285, D. 380 £220.00 


HM 307 
OSCILLOSCOPE 


Single trace. DC to TOMHz. Risetime 
35nNS. SmV/cm to 20V/cm. Timebase 
0.5yS-0.2S. Built in component tester 
LPS technique provides stable and 
reliable triggering up to 30MHz £138.00 


HM412-5 


Dual Trace. DC to 20MHz 8 x 10cm 
display with internal graticule. Rise time 
17.5nS. Variable input 2mV-20Vicm. 
Add and invert modes. Timebase 
0.55-0.25 with sweep delay 100nS-1S 

x 5 expansion. X-Y operation Z 
modulation. Trigger CH1, CH2, CH1/2, 
Line or EXT a 0) 4a 4. « see 350.00 


Dual Trace DC-70MHz 8 x 10cm display 
with internal graticule. Risetime 5nS. i 
Variable input 2mV-20V. Add and invert 
modes. 95nS Signal Delay Line. 

Timebase 5OnS- 1 S/cm with Sweep delay 
1OOnS-1S x 10 expansion. XY 

operation. Z modulation, Trigger CH1, 
CH2, CH!/2 line or EXT ...... £580.00 


The above prices do not include carriage 
or VAT (15%). : 


Simple Phone or 
Telex your order for 
immediate dispatch. 


| Electronic Brokers Ltd 
| 61/65 Kings Cross Road 
London WC1X 9LN 
Telephone: 01-278 3461 
Telex: 298694 Elebro G 
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mou 


Ided nylon 


probably the most 


versatileandrugged = 


insulating mounting system 
ever developed 


‘Transipillar insulating mounts hold heavy 
sub-assemblies totally secure. Because they're 
precision moulded from very tough Nylon. 

Metric or Imperial versions are available, . 
with insulator lengths from in to 2% in, anda 
choice of metal screw or threaded insert end 
fittings from 0 to 6BA. 

If one of the preferred sizes won't suit your 
application, the chances are we can make one 
that will. 

Write today for samples, full technical 
details and prices of TRANSIPILLARS. 


I r WK ELECTRONICS LTD 


the patented insulating mount for ‘hein 
thick heatsinks. Eliminates the need for 
power transistor mica washers. 
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MINI-DISK DRIVE 
TEST BOX 


A simple aid to test and alignment of 


drives without tying up valuable 
system time. 


Neatly presented in handy case with | 


leads and connectors for 2 drives. 
Needs +12V and +5V through stan- 
dard drive connectors (provided). 
Circle number for further details. 


Price £135 + carriage and VAT 


MELKUIST LTD. 


35A Guildford Street, Luton LU1 2NO 
Tel: 0582/416028 
Telex: 825828 MELKST G 
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PRINTED CIRCUITS 


FOR WIRELESS WORLD PROJECTS 


Audio compressor /limiter—Dec. 1975—1 s.s. (stereo) 
Cassette recorder—May 1976—1 s.s. 
Audio compander—July 1976—1s.s. .................... 
Audio preamplifier—November 1976—2 s.s. 
Additional circuits—October 1977—1 s.s. 

Stereo coder—April 1977—1 d.s. 2 s.s. 


Regulator for car alternator—August 1978~1 s.s. 
Wideband noise reducer—November 1978—1 d.s 


Moving coil preamplifier—August 1979—1 s.s. 
Multi-mode transceiver—October 1979—10d.s. ........... £35.00 
Amplification system — Oct. 1979-3 preamp 1 poweramp ....... 
Digital capacitance meter—April 1980—2 s.s. : 


Colour graphics system—April1980—1ds. .............. £18.50 
Audio spectrum analyser—May 1980—3 s.s. .............. £10.50 
Multi-section equalizer—June HIS O==~2isis a. i. ac. ee ee £8.00 


Floating-bridge power amp— Oct. 1980 — 1 s.s. (12V or 40V) .... £4.00, 
Nanocomp 6802 or 6809 ~ Jan., July, 1981 — 1.8. 1.8. css... i 
Cassette interface — July, 1981 — 1 S.S. asien 

Eprom programmer — Jan., 1982 — 1 d.s 
Logic probe — Feb., 1981 — 2 d.$. .sssssesssssesssesens os 
Modular frequency counters — March, 1981 — 8 s.s... £20.00 
Opto electronic contact breaker (Delco) — April, 1981 
CB synthesiser — Sept. — 1 d.S. serso.. 
Electronic ignition — March, 1982 — 1 s.s. 


Boards and glassfibre roller-tinned and drilled. Prices include 
VAT and UK postage. Airmail add 30%, Europe add 10%. In- 
surance 10%. Remittance with order to: 


M.R. SAGIN, NANCARRAS MILL, THE LEVEL 
CONSTANTINE, FALMOUTH, CORNWALL 
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HILOMAST 
SYSTEMS 


PNEUMATIC 
TELESCOPIC 


HILOMAST LIMITED 


THE STREET HEYBRIDGE — MALDON 
ESSEX CM9 7NB ENGLAND 
Tel. MALDON (0621) 56480 
TELEX NO. 995855 
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ectronic brokers 
DEC SALE 


aselection from our 
huge stocks 


RX1 1-BD Dual Floppy Disk 
Roce Driveandct! [NEW] ................. 


POPBA 10%" 32KW MOS VT50 DECscope Terminal 20mA £250 


Ppr | /34A,128KB MOS ...... £9000 VT50 DECscope Terminal E1A....£275 
PDP11X44-CB 256KB CPU VT52 DECscope Terminal 


inet ...£12,750 E1Aor20mA) -+-+ nae iy £395 
POET yas EER E gie a DECscope Terminal [NEW].£525 
Core, Cab......... Bh eee: £7,450 VT55 Graphics Terminal............. £650 
PDP11/70 CPU, 512KB MOS, SYSTEMS 
DialCabe a eee P.0.A. SMFX-MMA-DN 11/24 iii 
PERIPHERALS & OPTIONS 256KB, H9645 CAB 


2 x ALOZ Disk, KT24,VT1 o0) £17,000 
Console, RSX11M [NEW] 


11/34 CPU 128KB MOS > 


BCO6-S-10MassbusCable......... 
penpe IS MneSbus aple veer £825 
BC11A-O8UnibusCable....... l 
DU11 Synchronous interface RL11A SMB Disk & Ctl 
KMC1 1A Auxiliary Processor RLO1A 5MB Disk 

aE EEIE 0 aes a £925 H960 Cab 


£1 
KW11P Programmable Clock ..... £345 
LAS4DAKSRTerminalE1A........ £425 
LAS6CUKSRTerminal20mA ...... £450. 
LAS6HJKSRTerminalE1A......... £495 
LA120DA KSRTerminal[NEW) £1,225 
LA120RA RO Terminal (NEW)... .£8 


p 


RSX11M Licence 


` 11/44 CPU 256KB MOS 
Dual TUSB HaEde Cab, 
RK711 2 is ly 

. RK07 28MB Disk £26,300 


95 

i LA120 Console 
eM A eb70 ASX11M Licence 
LA180-PD RO Printer- 11/44 UPGRADES ) 
Parallel (NEW).......-..- en £495 complete service offered a 
LPO4 900 1pm Drum Printer including supply an ie 
N a Me ede ee 5,500 installation of YT /ad CPU + P.O.A 
BAB 6KWCore(NEW}....... £995 and trade-in of redundant 
PC1 1A Reader/Punch and processor 


11/70 CPU, 512KB MoS: ; 

RWMOS Disk Drive and Ct ? 

‘AD Add- TWU77 mag tape and ctl -£78,000 
LA120 Console [NEW] 


HAZELTINE VDUs 
NEW SCOOP PURCHASE 


Special purchase 
of Hazeltine 1500 
series VDUs — 
manufacturer’s 
surplus — ALL 
BRAND NEW 

ec BOXED 


HAZELTINE 1510 - SAVE £330 

* 24x 80 Upper/Lower case ASCII 

k 7x10dot matrix * Dual intensity 

* 8 Switch-Selectable baud rates 110/9600 baud 
* Full/Half duplex plus format mode 

* Remote XY Cursor addressing 

* 12” non-glare screen * EIA/20mA Interface 
Manufacturer's list price £880 

OUR PRICE £550 


HAZELTINE 1520 — SAVE £425 

All the features of the 1510 plus buffered 
serial/parallel pointer interface. Manufacturer's 
list price £1050 

OUR PRICE £625 

Also available — Reconditioned Hazeltine H2000 
VDUs @ £299 while stocks last ! 


Electronic Brokers Ltd., 61/65 Kings Cross Road, 


London WC1X 9LN. Tel:01-278 3461. Telex 298694 
IDZI Dl IJ] 


| 
li 


Electronic Brokers 


The long-awaited Philips LaserVision 
video disc system is now being 
launched in the UK. To mark this 
historic event, we start a detailed 
account of the discs, how the signals 
are recorded and processed and 
how the player operates. 


READY FOR CHANNEL 4? 

The Channel 4 service starts this 
autumn. We describe the steps in 
the introduction of the service 
and comment on aerial 
requirements: 


@ Testing procedures on GEC 
Hybrid colour sets. 


@ VCR modifications. 
@ Service Notebook. 


JUNE ISSUE 


ON SALE NOW 


Well worth a closer look!! 


@ HEX KEY PAD 
2716 © POWERFUL EDITOR 


P 
2732 $ MOTOR DEP AY 
2532 S ROMLAR 


SOFTY STANDS ALONE 


£169+ VAT, EX-STOCK, BY RETURN 


DATAMAN DESIGNS, LOMBARD HOUSE, 


SURREY ELECTRONICS DORCHESTER, DORSET, DTI IRX. (0305) 68066 
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Hitachi Oscilloscopes performance, reliability, exceptional value 
= — and immediate delivery! 


Hitachi Oscilloscopes provide the quality and performance that you'd expect 
from such a famous name, in a range that represents the best value for money 
available anywhere. 


We have taken the synthesised all mode FRG7700M communications receiver 
and made several well-thought-out modifications to provide a receiver for re- 
broadcast purposes or checking transmitter performance as well as being suited 
to communications and news gathering use. 

PRINCIPAL MODIFICATIONS: Radically redesigned front end stages yielding 
improved noise figure and overload levels. TOIP —2dBm (originally ~21dBm) + 
Flat audio frequency response on both AM and SSB x Lower AM distortion + 
Balanced audio line output X Buffered IF output for monitoring transmitted 
modulation envelope on an oscilloscope % Mains safety improvements, 

The receiver is available in free standing or rack mounting form and all the 
original features are retained: 12 memory channels, mains or battery operation 
option, IF bandwidths 2.7kHz, 6kHz, 12kHz, digital frequency and time display, 
timer for unattended recordings or external switching, advanced noise blanker, 
ail modes including NBFM with squelch. From £418+VAT. 

Stereo Disc Amplifier 2 and 3 x Peak Deviation Meter yr Programme and Devia- 
tion Chart Recorders % Stabilizer % Frequency Shift Circuit Boards % 10 Outlet 
Distribution Amplifier % Peak Programme Meter Illuminated Boxes, Circuit 
Boards and Ernest Turner Movements. 


newly released 

V-152 415MHz Dual Trace V-650 60MHz Dual Trace, Dual Timebase 
V-202 20MHz Dual Trace V-1050 100MHz Quad Trace, Dual Timebase 
i 2 (illustrated) 

V-302 30MHZz Dual Trace V-209 20MHz Dual Trace, Battery Portable 
V-352 35MHz Dual Trace V-509 50MHz Dual Timebase, Portable 


\ Prices start from around £230 and we hold the range in stock for immediate 
delivery. ; 

For colour brochures giving detailed specifications and prices, ring 0480 

63570. 


Reltech Instruments 46 High St., Solihull, W. Midlands. B91 3TB 
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The MICRO 
PROFESSOR 


solves the mystery’ 
of micro-processors. 


4 


Micro-Professor is a low-cost Z80A based programming to designing a complex electronic cost development tool e Process controller 
microcomputer which provides you with an game. Completed programes can be stored.and e Electronic music box ® Timer è Noise generator 
interesting and inexpensive way to understand re-read via the cassette interface. 2K bytes of @ Home appliance control è Burglar alarm 
the world of microprocessors. monitor Source. program with documentationis @ System control simulation 
Micro-Professor is a microprocessor learning also provided inthe manual. Tester 
tool for students, hobbyists and engineers. Itis Micro-Professor provides a wide range of other ... and much more! 
also an ideal educational tool for teachingin applications: Low cost prototyping tool e Low 
schools and universities. 

The main object of Micro-Professor is for the 

user to understand the software and hardware of = 

a microcomputer easily and conveniently. TECHNICAL SPECIFICATION 

Besides the complete hardware/ software 

system you have the users experimental yy CPU Z80A CPU high performance microprocessor with 158 instructions. i 
manual. It includes self-learning text a : SOFTWARE COMPATIBILITY Capable of executing Z80/8080/8085 machine language program. 
with 20 experiments which range RAM 2K bytes expandable to 4K bytes. 

from simple, software ROM 2K bytes of sophisticated monitor expandable to 8K bytes. 

INPUT/OUTPUT 24 system I/O lines. 


DISPLAY 6 digit 0.5" red LED display. 
AUDIO CASSETTE INTERFACE 165 bit per second average rate for data trarisfer between memory and 
cassette tape. 


for user's expansion. 
COUNTER TIMER CIRCUITS Socket is provided. 280-CTC IC extra. 
PARALLEL I/O CIRCUITS Socket is provided. Z80-P 10 IC extra. 
SPEAKER AND SPEAKER DRIVER CIRCUITS A 2.25" - diameter speaker ıs provided for user's 
applications. 
USER'S AND EXPERIMENT MANUAL Complete self-learning text with experiments and 
applications. 
OPTIONS (Prices on applicatian) 280-CTC. EPROM programmer board. Prototyping Board. 
Z80-P10. Speech synthesiser board. Audio Cassette. 2K Ram. 
KEYBOARD 36 keys including 19 function keys, 16 hex-digit keys and 1 user defined key. 


A 9V, 0.5A adaptor and 350 page manual is provided. 
Formal orders requiring f 

Acc & 30 days credit. s 
Please ask for price list. p»? 


Use the unique 
Micro-Computer to truly 
understand the inside 
workings of microprocessors, 
or simply use as a Z80A 
evaluation system. 


EXTENSION CONNECTORS Provides ali buses of CPU, channel signals of CTC and 1/0 port bus of PIO 


rT 
3 ‘ * k ao A PA es ©&® TA 
Flight Electronics Ltd. Mail Order only p e oe os See 
MICRO-PROFESSOR is a trade mark of Multitech Industrial Corporation. 280 is a trade mark of Zilog Inc. e wwe/e2 we Sak 
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ACOUSTIC & VIBRATIO 
BRUEL & KJAER . 
1621 Tunable Band Pass Filter 
2113 Audio Frequency Spectrometer 
2203 Sound Level Meter 
2215 Sound Level Meter inc. Oct. Filter 
2218 Sound Level Meter inc. Leq. 
2305B Level Recorder inc. 50 dB pot. 
2625 Vibration pick-up amplifier 
2808 Power Supply/ Mains Adapter 
2972 Tape Signal Gate 
4230 Sound Level Calibrator 
4423 Noise Dosemeter 
4424 Noise Dosemeter 
CASTLE ACOUSTICS 
CS181 Sound Level Meter & Calibrator 
CEE 
112 Environmental Noise Analyser 
144 Environmental Noise Analyser 
DAWE 
419C Audio White Noise Generator 
1461 CV Vibration Analyser 
1463B % Octave Filter 
1465 Octaye Band Filter 
KISTLER 
504A Charge Amplifier 
WAYNE KERR 
B731B Vibration Meter inc. probe 270 
BRIDGES & V and | STANDARDS 
CINFEL 
2773 Inductance Bridge 
HEWLETT PACKARD 
4261A Digital Automatic LCR Bridge 
4342 QLC Meter 22 KHz-70 MHz 
MARCONI 
TF868A Universal LCR Bridge 
MUIRHEAD 
D30A DC Bridge 0.15% 
PHILIPS 
PM6302 RCL Bridge — direct reading 
WAYNE KERR 
B224 RCL Bridge 0.1% 
B521 LCR Bridge 
B801/CU681/0801/SR268 VHF 
Admittance Bridge with source and 
detector transistor adapter & D.C. Control 
Unit for transistor measurements 
COMMS & CABLE TEST 
EQUIPMENT 
DYMAR 
BC282 Battery charger for 883 Radio 
Telephone 
883 Radio Telephone — VHF band — hand 
held 
HEWLETT PACKARD 
3556A Psophometer 20 Hz-20 KHz 
MARCON! 
TF2091 White Noise Generator (exc, filters) 
TF2092 White Noise Receiver (exc. filters) 
TF2809 Data Line Analyser 
NORTHEAST ELECTRONICS 
TT537B Psophometer/VU Meter 
SEIMENS 
U2033 Psaphmeter 
S.T.C. 
74106 Bridge Unit. 


Carston 
Electronics Ltd 
01-267 5311 


Shirley House, 27 Camden Road, 
London NW1 9NR. Telex: 23920. 


245 


250 


1000 
1000 
600 


200 


74184B Selective Level Measuring Set 
- 74216A Noise Generator 

74261A Psophometer 

74262B White Noise Generator & Receiver 

74307C Level Measuring Set 

74834C Distortion Measuring Set 

96016 Selective Null Detector 

GTA-2 Quantization Distortion Tester 

GTA4B Pattern Generator 
COMPUTER EQUIPMENT 
{90 day guarantee) 

CENTRONICS 

702 matrix printer 

HEWLETT PACKARD 

9835A Desktop Computer 64K + expanded 

1/0 ROM + HP — IB interface. Includes 

C.R.T. Cartridge Tape Drive — Full 

documentation test tapes etc. 

TEKTRONIX 

4610-1 Hard copy printer for 4010 series 

computer display terminals 
COUNTERS & TIMERS 

FLUKE 

1912 520 MHz 7 digit Counter 


SPECIAL OFFER 


Used test equipment, calibrated to Manufacturer's original specification. 


9520 10 MHz 4 Digit 

9905 200 MHz 8 digit Counter Timer 
SYSTRON DONNER 

6053 3 GHz 9 digit Counter BCD O/P 
5103B Strip Printer for 6053/6054 
TEKTRONIX 

DC501 7 Digit 100 MHz Counter — TM500 
Plug-in 

VENNER 

1000F 32 MHz 7 digit counter/ timer 


DIGITAL TESTING EQUIPMENT 


HEWLETT PACKARD 

1600A Logic Analyser 16 ch 20: MHz 
1600S Logic Analyser 32 ch 20 MHz 
1602A Logic Analyser 16 ch 10 MHz 
TEKTRONIX 

832 Datacom Tester R5232/V24 

833 As 832 plus BERT/BLERT feature 


MAINS TEST EQUIPMENT 
DATALAB 
DL019 Mains interface for DL905 


DRANETZ 
- 606 3ch Volts Av/Spike/Time/ Printer 


MARCONI TF2432 


560 MHz Frequency Counter 
10 Hz-560 MHz, 0.1 Hz Resolution. 8 digit 
L.E.D. readout. 10 mV sensitivity, automatic 
a.g.c. on input. Display hold facility. 


£275 


PHILIPS PM6456 


Stereo F.M. Generator 
For testing and aligning FM tuners and 
receivers. Separate L & R signals. 
Internal and External modulation facilities. 
X- tal controlled pilot signal. 
Adjustable multiplex signal. 
Tunable 100 MHz R.F. signal. 


1912A01 As 1912A but'inc. re-charging 
batteries 

1920A 520 MHz 9 digit'Counter inc. Brst. 
mode 

1920A14 1250 MHz otherwise as 1920A 
HEWLETT PACKARD 
5300A/5305B 1300 MHz 6 Digit Counter 
5345 500 MHz 11 Digit Counter Timer 
MARCONI 

TF 2432 560 MHz 8 digit Counter 
RACAL- DANA (E.1.P.) 

371 18 GHz 11 digit Counter with Source 
Locking facility 

371 18 GHz 11 Digit Counter with high stab 
xtel option. Source Locking facility. 
HP-IB opt 

8110 50 MHz 8 Digit Counter Timer 

9024 600 MHz 7% digit Counter 

9025 1 GHz8 digit Counter 


4950 


£230 


616 2ch AC Ich DC Volts/Av/Spike/ 

Time/ Printer 

GAY 

LDM AC/DC/Spike/ Time inc. Printer 
MISCELLANEOUS 

A.l. INDUSTRIES 

TCS General Purpose Gas Leak Detector — 

intrinsically safe 

BRADLEY 

192 Oscilloscope Calibrator 

COMARK 

1601BLS Thermom 10ch 87 + 1000°C type K 

N.B. Thermocouples not included 

CROWCON 

71P Inflammable Gas Detector/ Alarm 

DATALAB 

DL905 Digital Transient Recorder/ Display 

Storage 


320 
220 
450 


from, 


FLANN 
16/11 Rotary Vane Attenuator WG16 
HEWLETT PACKARD 
342A Noise Figure Meter 
X382A Rotary Vane Attenuator WG16 
MULTIMETRICS 
AF120 Dual H/Pass L/Pass active 
filter 20 Hz - 2 MHz 
PHILIPS 
PM 5501 Colour TV Pattern Generator 
PM 6456 Stereo FM Generator 
RADIOMETER 
SMG1 Stereo FM Generator 
ROHDE & SCHWARZ 
BN252 Transistor Y Parameter Test Set 
SiG 
74600J Attenuator 0-9 dB 502 in 1 dB 
steps 
‘74816A Attenuator 0-100 dB 6002 in 0.1 dB 
steps 
TEKTRONIX 
184 Time Mark Generator 
521PAL Vectorscope 
528 TV Waveform Monitor 
575 Semiconductor Curve Tracer 
1485C TV Waveform Monitor PAL/NTSC 
TELONIC 
6001 RF Detector with Log Amplifier — 
Analogue display & recorder O/P. 0.4-130 
MHz — 80 dB range 
YELLOW SPRINGS 
YS157 Water Pollution Measurement 
System 
NETWORK ANALYSERS/ 
PHASEMETERS 
DRANETZ 
301A Analogue Phasemeter 5 Hz-500 KHz 
GENERAL RADIO 
1710/11/12/14 0.4-500 MHz 115 dB range 


HEWLETT PACKARD 
8405A Vector Voltmeter 1-1000 MHz 
8407A/8412A/8601A 100 KHz-110 MHz 
complete Network Analyser system 

_ comprising Analyser, Phase/ Magnitude 
display and Sweep Generator. 502 or 752 
system available. 80 dB dynamic range 
8414A Polar Display for 8410 N.W.A. 
8745A S Parameter Test Set 0,1-2 GHz 
11570A Accessory Kit for 8405A 
11600A Transistor Test Fixtures 
7018/TO-72 
11602A Transistor Test Fixtures 
TO5/TO-12 
11604A Universal extension arm for 8745A 
11605A Flexible arm for 8743A 


OSCILLOSCOPES & 
ACCESSORIES 


190 


CROTECH These are brand- 
new instruments 


3030 15 MHz 1 Trace 5mV built-in 
component tester 

3033 15 MHz 1 Trace 5mV battery 
operation 

3034 15 MHz 2 Trace 5mV battery 
operation 

3131 15 MHz 2 Trace 5mV built-in 
component tester A 

3337 30 MHz 2 Trace 5mV with signal 
delay 


BIOMATION 
350 Compact XYZ Display 


GOULD ADVANCE 
OS1000B 20 MHz 5mV 2 Trace 


HEWLETT PACKARD 

182C 100 MHz Mainframe 1 
182T 100 MHz Mainframe with digital 
normaliser interface 1 
1804A 50 MHz 20mvV 4 Trace Plug-in 

1825A Dual Timebase Plug-in 

1805A 100 MHz 5mV 2 Trace Plug-in 


PHILIPS 
PM3207 15 MHz 5mV 2 Trace TV trig 
PM3211 15 MHz 2mV 2 Trace TV trig 
PM3212 25 MHz 2mV 2 Trace TV trig 
PM3233 10 MHz 2mV 2Ch fixed delay Duat 
Beam 
PM3244 50 MHz 5mV 4 Trace 2T base 1 
PM3260 120 MHz 5mV 2 Trace 2T base 1 
PM3262 100 MHz 5mV 2 Trace 2T base 

1 


1050  TrView 


All items have a 12 month guarantee unless otherwise stated. 


G 
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Prices 
from£ 


EKTRONIX 
B 100 MHz5mV 2 Trace 2TB, inc Probes 1685 
75200 MHz 2mV 2 Trace 2T base 1750 
5A 250 MHz 2mV 2 Trace 2T base ` 2100 
350 MHz 5mV 2 Trace 2T base 
B42 2 T/base plug-in'50 MHz Trig for 5000 
ries Mainframe 3 
1/4S3/5T1A 1 GHz Sampling scope 
IA18 75 MHz 5mV 2 Trace Plug-in 
418422 1 MHz 10V Differential Plug-in 
A26 200 MHz 5mV 2 Trace Plug-in 
B53A 2 Timebase Plug-in 100 MHz Trig 
403N 75 MHz 3 slot M/Frame 
100 MHz CRT r/out 3 siot M/Frame 
ELEQUIPMENT 
/V1/V1 15 MHz2 Trace 1mV 
/V5/V5 15 MHz 5mV 2 Trace & fixed 


1 


1 


elay 
135615 MHz 5mV 1 Trace 


EXSCAN 
U120 Large CRT XY Display with 


modulation 
Hor: we hold a range of cameras P.O.A, 


OSCILLOSCOPES (STORAGE) 
EWLETT PACKARD 

81A 100 MHz Mainframe 5cm/ ps 

703A 35 MHz 10mV 2 Tr2TB 1000 Div/ms 


FEKTRONIX 
100 MHz 5mV 2 Tr 2TB 1350cm/ys 
13 25 MHz 3 slot M/frame split screen 
m/ us 
13 100: MHz 3 slot M/ frame 4.5cm/ us 
POWER MEASUREMENT 
EWLETT PACKARD 
RF-Microwave Powermeter for use 
ith 470 series sensors 
178A Co-ax sensor for 432 meter 
0 MHz-0 GHz 
‘486A Power sensor for 432 meter W.G. 16 
/478A combined price 
/X486A combined price 
H Co-ax sensor for 435/436 


MARCONI 
(2502 R.F. Powermeter DC-1 GHz 10W max 
2503 R.F. Powermeter DC-1 GHz 
00W max 
/6421 Microwave Powermeter & 


31 


31fensor 0.01-12.4 GHz 


14 POWER SUPPLIES etc 
DVANCE 
G5-20 Switching PSU module 5V-20A 
xed 
SS RANDENBURG 
BOO EHT Power supply 3-30 KV-1mA 
ARNELL 
B30/5 0-30V-5A variable 
B30/20 0-30V-20A variable 
FSL5V - 20A PSU module 
160/25 0-60V-25A variable metered 
B30/10 0-30V-10A variable 
OPS/2 Twin 5V @ 5A + 15-0-15V @ 1A 
$V70 0-35V-10A or 0-70V-5A variable 
etered 
EWLETT PACKARD 
P2688 0-40 V variable 30 A Metered V + I 
ARCONI 
A54 0-30V variable 2A metered 
PHILIPS 
PE1646 0-75V variable 6A Metered V + 1 
PULSE GENERATORS 
DVANCE 
P G 52A Modular pulse generator system — 
ide range of configurations — cost 
ependent on modules — typical 
4MPG5002D 0.1 Hz-1 MHz 50V 1002 Double 
Pulse R.T. 15ns 
EWLETT PACKARD 
11A 0.1 Hz-20 MHz 16V 509 RT 10ns inc 


agBurst mode 
sof 


475 


8016A Digital word generator.to 50 MHz 
'9x32bit 

LYONS 5 

PG73N 20 MHz 10V 502 R.T. 5ns 


RECORDERS & ACCESSORIES 
BRYANS SOUTHERN 
BS314 Chart 10” 4 Pen 16 speed 
DCM ; 
8100W Wow & Flutter Analyser 
EM 
LVDT Linear Displacement & Transducer 
FYLDE 
154 Bridge supply and Amplifier. 
HEWLETT PACKARD 
680M Chart 5” 1 pen 8 speed 
7015A XY 1 pen A4 size 
HONEYWELL 
5600B Instrumentation tape recorder 14 ch 
FM/DR 


MICRO-MOVEMENTS 
M10-120/A Compact UV 10 ch7 speed 
recorder (inc. galvos) 

PHILIPS 

PM8251 Chart 10” 1 pen 12 speed 
SELABS 

994 6 ch galvo preamp + DC bridge supply 
6008 UV chart 8" 25 ch 16 speed 

6150/51 UV recorder 12 ch-inc 6 ch amps 
SEIMENS 

M936 Chart 5” 1 pen 0-20 mAF.S.D. but 
can readily be adapted by intemal links to a 
wide range of volt and current 
measurements 


SOLARTRON 
3240 Modular Data Logger system 
Note: UV recorders are priced less galvos 


SIGNAL ANALYSIS 
EQUIPMENT 
AIRMEC 
210 AM/FM Mod Meter 2.25 MHz- 
300 MHz 
248A Wave Analyser 5-300 MHz 
853 Wave Analyser 30 KHz-30 MHz 
MARCONI 
TF791D FM Mod meter 
TF2330 Wave Analyser 20 Hz-50 KHz 
TF2330A Wave Analyser 20 Hz-76KHz 
RADFORD 
DM52 Distortion meter 20 Hz-20 KHz 
SOUND TECHNOLOGY 
1700A Distortion Meter 10 Hz- 100 KHzinc. 
oscillator 
WAYNE KERR 
A321 Wave Analyser 20 Hz-20 KHz 
Note: see also “Spectrum Analysers” 


SIGNAL/FUNCTION/ + SWEEP 
GENERATORS 
FARNELL 
SSG520 10 MHz-520 MHz Generator — 
Auto Phaselock. AM/FM and SINAD 
feature. Reverse power protection 
GENERAL RADIO 
1362 Generator 220-920 MHz 
GOULD 
J3B Generator 10 Hz-10 MHz O/P level 
meter & Attn. 
J4 Generator as J3 but no output level 
meter 
SG21 Generator — Square Wave only 
0.3- 100 MHz 
HEWLETT PACKARD 
204C Oscillator 5 Hz-1.2 MHz 
204D Oscillator 5 Hz-1.2 MHz inc. 80dB 
attenuator 
608E Generator 10-480 MHz AM/Pulse 
8614A Generator 800-2400 MHz 
AM/FM/Puise 


1900 


8660C /86632A /86603A Synthesised Signal 
Generator 1-2600 MHz AM/FM digital 
readout, push button controls, BCD 
programmable 

618B Generator 3.8-7.5 GHz 

612 Generator 450-1230 MHz 

614 Generator 0.8-2.1 GHz 


IEC 
F51A Function 1 mHz-10 MHz 
Sin/Sq/Tri/Pulse/Ramp 
LEVELL 
TG150DM Generator 1.5 Hz-150 KHz 
battery operated 
MARCONI 
TF144H/4S Generator 10 KHz-72 MHz AM 
TF955/2 Generator 0.2-220 MHz AM/FM 
TF1066B/1 Generator 10-470 MHz AM/FM 
TF2000 Generator 20 Hz-20 KHz-111 dB 
attenuator 
TF2002/3MI Generator 10 KHz-72 MHz 
AM only 
TF2011/S Generator 96-140 MHz FM only 
TF2012 Generator 400-520 MHz FM 
TF2015 Generator 10-520 MHz AM/FM 
TF2015/1 Generator as 2015 with narrow 
FM deviation 
4F2015/2171 Generator system with phase 
lock synchroniser 
TF2015-1/2171 Generator system with 
phase lock synchroniser 
TF2020 Synthesised AM/FM. Generator 
‘50 KH2-520 MHz. Built-in modulation 
oscillator. State of the art performance. 
Can use on GP-IB with optional adapter 
TF2171 Synchroniser for 2015 
PHILIPS 
PM5108L Function 0.1 Hz-1 MHz 
Sin/Sq/Tri O/P meter — 50 and 6002. 
PM5127 Function 0.1 Hz-1/MHz Sin/Sq/ 
Tri/Rmp i 
PM5129 Function 1 mHz- 1 MHz Sin/Sq/ 
Tri/Ramp/ Pulse + Sweep + Burst 
RADIOMETER 
MS27G Generator 0.3-240 MHz AM/FM 
TEXSCAN 
9900 Sweeper 10-300 MHz 6/in CRT disp 
VS60 Sweeper 5-1000 MHz 
WAVETEK 
143 Function 0.0001 Hz-20 MHz 
Sin/Sq/Tri/ Pulse 
SPECTRUM ANALYSERS 
HEWLETT PACKARD 
1417/8552B/8555A 10 MHz-18 GHz 
system 
MARCONI 
TF2370 30 Hz-110 MHz Digi-store display 
built-in counter and tracking gen 
TEKTRONIX 
7L5/L3 20 Hz-5 MHz Plug-in for 7000 series 
M/Frame 10 Hz resolution. Sensitivity 
— 148 dBV. Impedance 502, 6002 and 
1MQ. C.R.T. readout. Digi-store display 
7L13 1 K'Hz- 1800 MHz Plug-in for 7000 
series M/Frame 
7L18 1.5-18 GHz Plug-in for 7000 series. 
High resolution. Digita! storage display. 
Built-in pre-selector 
7603/7L5/L3 System with display 
20 Hz-5 MHz 
7603/7113 System with display 0, 1-1800 
MHz ` 
7613/7L13 System with storage / var. 
persist. display 
7603/7L18 System with display 1.5-18 GHz 
{60 GHz with external mixers) 
VOLT/MULTI-METER 
(ANALOGUE) 
BOONTON 
92C AC/RF 10 KHz-1.2 GHZ 2 mV-3V 


Prices 
from£ 


HEWLETT PACKARD 

400E 10 Hz-10 MHz 1mV-300V DC O/P 
400H 10 Hz-4 MHz 1mV-300V 

411A 0.5-500 MHz 10mV-10V DC O/P 

427 AC/DC/V/Q 

3400 TRMS 10 Hz-10 MHz 1mV-300V 
DC-0/P : 

LEVELL 

TM 11 Anatague Multimeter AC/DC/V/1/2 


M.L. ENGINEERING ~ 

NAMV — DC sensitive y Volt/nAmp meter 
centre zero 

MARCONI 

TF2600 10 Hz-10 MHz 1mV-300V AC + DC 
O/P 

TF2604 20 Hz-1.5 GHz 300mV-300V 
PHILIPS 

PM2404 Analogue Multimeter 
AC/DC/V/1/2 

RACAL-DANA (E.1.P.) 

9301 RMS 10 KHz-1.5 GHz 100V -300V 


VIBRON/E.I.L. 
33B-2 ImV-1V Electrometer 200 


VOLT/MULTI-METER (DIGITAL) 


BOONTON 

92AD 1999FSD 10 KHz-1.2 GHz 10uV res 
FARNELL 

DM131D 1999 F.S.D. AC/DC/V/I/2 & 
Temperature. Mains/battery — Temp 
probe included 


FLUKE 

8010A 2000 FSD TRMS AC/DC/VID 
8010A01 As 8010A + re-charging batteries 
8050A 20000 FSD AC/DC/VIN dB TRMS 
8050A-01 As 8050A + re-chg batteries 
8200A 16000 F.S.D. DC only fast reading 
system Voltmeter 

8300A 120000 F.S.D. DC only fast reading 
system Voltmeter 

8800A 200000 FSD AC/ DC/VA 


NN 
RNY 
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Wy 
Pu 


525 


” GOULD 


DMM7 1999 FSD AC/DC/V/1/9 
HEWLETT PACKARD 

3490A 100000FSD AC/DC/V/2. 
SOLARTRON 

A200 19999FSD DC only 1uV-1 KV 
A203 19999FSD AC/DC/V/2 

A205 19999F SD TRMS AC/DC/V/2 


LOW COST CORNER 
Items in this box have 30 day 
guarantee only. 


AIRMEC 

210 AM/FM Modulation meter from 
2.25-300 MHz 

HEWLETT PACKARD 

1600A Logic Analyser 16 channels 20 MHz 
Clock rate 

HEWLETT PACKARD 

608E 10-480 MHz AM/ Pulse Signal 
Generator 

M.L. ENGINEERING NAMV 
D.C. Sensitive nAmp/pVolt meter — 
centre zero 

TEKTRONIX 


575 Transistor Curve Tracer 


TAYLOR 
624 AM/FM Signal Generator 4-120 MHz 


ull details and specification of equipment listed available. Because of long copy dates this list is not comprehensive — ring for 
Nventory update or tell us your SPECIFIC NEEDS. Hours Monday to Friday, 9.30 a.m.-5 p.m. (lunch, 1-2 p.m.). Prices exclude delivery 
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Carston Electronics Ltd 


ind VAT. 


18 


01-267 5311 


Shirley House, 27 Camden Rd, London NW1 9NR. Telex: 23920 
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THANDAR 
Quality British-made Portable Instruments 
EUN 


MULTIMETERS: 
DM450........... £107 


DC 10uHV-1200V AC 100pV to 750V 
DC 0.1nA-10A AC InA-10A 
0.01-20MQ 4% digit LED 


TM351 ..........- Ree? . £99 
DC 100p V-1000V AC 100p V-750V 
DC 100nA-10A AC 100nA-10A 
0.10-20MQ 3% digit LCD 


PORTABLE OSCILLOSCOPE: 
Freg. Range: 0.2Hz-2MHz SEND E Mee SSS 
Carriage for all Thandar Orders £1 


SABTRONICS 
x Available in KITS xr 


Making Performance Affordable _ 
HANDHELD OMMs 


33 
AC/DC 100pnV-1000V 
AC/DC 10pA-2A AC/DC 0.1uA-2A 
Ohms 10-20M0. Ohm 0.10-20MQ 


FREQUENCY METERS: 8 digit LED 


2035A £62 
AC/DC 100uV-1000V 


BILI ii, 


8110A 20Hz-100 MHz . 
8610A 20Hz-600 MHz .... 


7 


8610B 10Hz-600MHz (0.1Hz Resolution).. 


FREQUENCY METERS: 9 digit LED 
ri A N it 
8000B 10Hz-1000MHz (0.1Hz Resolution) “tise a 
Carriage for all SABTRONICS orders £1 


SAFGAN paritisH-MADE SCOPES 


DUAL TRACE 
5mV/Div Sensitivity 


Z Modulation 
Calibration Output 
%* Portable/Lightweight 


‘DT 410 10MHz 


* 

* 

w XY Facility 
* 


LEADER 
When Quality Counts 


LSG-16.................... £55 


A compact solid state RF Signal Genera- 
tor, most suited for checking the IF cir- | 
cuits and tuners in AM, FM and TV sets. ] 
Frequency range up to 100MHz (300MHz on Harmonics). 
Carriage £1 


LCR-740 ........ccccseceeeeeevee £149 
A highly efficient impedance bridge for 
measuring resistance, capacitance and 
inductance. The D factor of a capacitor 
and the Q sector of a coil can also be 
measured. 


ADD 15% VAT ON ALL PRICES 


All prices correct at 2-2-82 E&OE 
Cash with Order or Credit Card 


CALLERS WELCOME | 
OPEN MONDAY TO FRIDAY 9am-5.30pm | 


DAROM SUPPLIES 


4 SANDY LANE 
STOCKTON HEATH Latelogus 
WARRINGTON just send 
CHESHIRE, WA4 2AY a 
(0525) 64764 
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Minimum p ALVES VA 
Order £1 IS INCLUDED 
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„VALVES AND TRANSISTORS —recicatinntonesos eo 
retail 748 3934, rade and export 7490859 “= 10-line MAGNETO SWITCH- 
Geiger Muller Tubes GM4, MX12/01 and others. hen eae Aretha 


TEST SET FT2 FOR TESTING Transceivers A40, 
A41, A42 and CPRC26. Me PRICES MAY VARY 


HARNESS "A" & “B” CONTROL UNITS “A” “R” POSTAGE: £1-£3 45p; £3-£5 55p; 
fame ar No 5, 6, 7 connectors, £5-£10 60p; £10-£15 80p; £15- 
ui £20 100p. 


SRSSSSBRSS5 
N22O00040=90 


A 
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DRUM CABLE continuous connection YC 00433. 
Signal Generators MARCONI TF 144H/4S; TF144H/6S 10 kH2z-72MHz 


Prices on application ~~ 
COLOMOR Tel, 01-743 0899 or 01-749 3934 
(ELECTRONICS LTD.) 


Open Monday to Friday 
170 Goldhawk Rd., London W.12 


9 a.m.-5,30 p.m. 
SOUND INVESTMENT 


SS 


QUALITY REEL TO REEL & CASSETTE TAPE HEADS 
FITTING A NEW TAPE HEAD CAN TRANSFORM THE PERFORMANCE OF YOUR TAPE RECORDER, 
OUR FULL CATALOGUE (PRICE 50p) ALSO INCLUDES TAPE TRANSPORTS, DISC DRIVES, 
PRE-AMPLIFIERS AND ACCESSORIES 


POPULAR UNIVERSAL CASSETTE HEADS TO EIAJ STANDARDS 
C21RPS18 MONO R/P,............- £4.62 Hole Centres 17mm Apart, 12mm From Head Face 
B24-02 STEREOIR/P ia sete £7.66 C42RPH20 STEREO R/P SENDUST FOR 

524-07 STEREO R/P FOR DOLBY CHROME/METAL TAPES.. £10.67 


STEMS 2.1.0. aoe £9.05 C42RPHQ4 STEREO R/P GLASS FERRITE 
€21ES18 ‘MONO/STEREO ERASE THE ULTIMATE LONG LIFE, 
ADe ais. o P... £2.13 HIGH PERFORMANCE HEAD £13.34 


POST AND PACKING 40p EX STOCK DELIVERIES, ALL PRICES INCLUDE V.A.T. 


MONOLITH 


electronic products 


WW — 043 FOR FURTHER DETAILS 
WIRELESS WORLD JUNE 1982 


The Monolith Electronics Co. Ltd., 
5/7 Church Street, Crewkerne. 
Somerset TA18 7HR 

Tel: 0460 74321. 

Telex: 46306 MONLTH G. 


Winning 
MOSPOWER combinations. 
We invented the game. 


And our devices feature ultra fast switching, freedom 
from thermal runaway and secondary breakdown, very high 
power gain, resistance to noise and false triggering and easy 


Siliconix invented the MOSPOWER FET game. So, not 
surprisingly we haye a tradition of firsts. First with a medium 
power MOSPOWER FET in TO-202 packages; first with low 
cost plastic devices in TO-237 packages; first with n and interfacing with low power MOS ICs, ! 
p-channel quads in 14-pin DIPs. . For more information and a copy of our data book, ring 

First for versatility as well. The range includes silicon-gate, Phil Regan/Phil Dewsbury on Swansea (0792) 74681, and 
metal gate, and high voltage DMOS capability in A ere discover how our combinations slot into place. - 
diffused MOS technology offered in nine different package - = 
configurations. So you aA have the winning combination for ng SoSo er D 359W os 1o39 2 20% 
your application - whether it’s aerospace, telecomms, data (1-3W_DiPQua 5 PAE aatpaW To.906 Soa0v 
processing or process control. O.4W TO-952 60 

ori, Swansea SAG GNE. 
of the. “MOSPOWER FET Design Catalogue™. 


125W TO-3 


R 


Sales Office: Siliconix Ltd, Brook House, Northbrook Street, Newbury, Berks RG13 1AH. Tel: (0635) 
47609. Telex: 849357, Manufacturing Facility: Siliconix Ltd, Morriston, Swansea SA6 6NE. Tel: (0792) 
74681, Telex; 48197. Distributors: Barlec Ltd, (0403) 51881. Dage Eurosem Ltd. (0296) 32881. 
Macro-Marketing Ltd. (06286) 4422. Semiconductor Specialists Ltd. (08954) 45522. 

tives: Scotland & Ireland: Linburg Electronics Ltd. (0383) 32231. South West England: a 


Hartech Ltd. (0243) 573164. European Headquarters: Swansea (U.K.) Corporate Headquarters: | Pasition = ad a | 
Santa Clara, California. Far East Headquarters: Hong Kong. Nippon-Siliconix, Tokyo, Japan. ny. > 
ega | y a a | 
Siliconix | Address yee 
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The Discovery Company 
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www americantediohistory com 


15 


The Keithley 179A 


AUDIO 


WN The firm for Speakers 


IEEE PROGRAMMABLES from TIME 


9814 IEEE PROGRAMMABLE VOLTAGE STANDARD 


A higher performance voltage standard with 4 ranges from 0.1 volt to 10 volt output. Accuracy is 0.01% and the 
resolution of setting is 1 in 200,000. supe resistance is less than 0.01 ohms, and output current adjustable 
20mA-200mA. Temperature coeff is less than 20ppm/°C and long term stability better thar. “ppm per year. Full 


Just (Sop) will bring you the latest Wilmslow Audio 
80 page catalogue packed with pictures and specifications | 
of HiFi and PA Speaker Drive Units, Speaker Kits, 
Cabinet Kits.... 

1000 items for the constructor. 
CROSSOVER NETWORKS AND COMPONENTS. 
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP 
DISCO CABINETS - PLUS MICROPHONES - 
AMPLIFIERS — MIXERS — COMBOS -— EFFECTS - 
SPEAKER STANDS AND BRACKETS — IN-CAR 


SPEAKERS AND BOOSTERS ETC. ETC. 
x Lowest prices — Largest stocks * 
x Expert staff — Sound advice * 
Choose your DIY HiFi Speakers in the comfort * 
of our listening lounge. — 
(Customer operated demonstration facilities) 


* Ample parking * 
* Access - Visa - American Express accepted * 


manual control is available via front panel controls. Available for benchtop use or 19” rack mounting. 


9816 IEEE PROGRAMMABLE VOICE 


Ahigh quality speech synthesizer which has a 280 word vocabulary. By suitable programming via the IEEE bus 
itis possible to output single words, phrases and sentences. The vocabulary has been chosen to be applicabie 
to many ATE applications. 


9815 IEEE PROGRAMMABLE SCREWDRIVER 


The unit has been designed to overcome the problems of adjusting large numbers of multi-turn trimmers in 
ATE systems. The screwdriver is fully programmable via the IEEE bus with 3 speeds of rotation and 2 selectable 


torque values available. The unit is supplied complete with a flexible drive shaft and drill chuck into which 
various adjusting tools can be located. 


9810 IEEE/PROGRAMMABLE POWER SUPPLY 


0-33V in 0.1V steps. Loca! or remote (IEEE) operation. Fully programmable on the IEEE bus with 3 settable 
current limits imA, 10mMA and 1.1A. A.dual version of the 9810 is also available. The unit is 3 Euro units high and 
standard 19” rack mounting width. ' . 


Specification... Versatility... Accuracy... 
Price. In almost every major area the new - 
179A — a 41⁄2 digit bench/portable DMM — 
from Keithley Instruments sets some pretty 
impressive standards: 


@ 20 amp capability @ Full function: 27 
ranges including true RMS AC Measurement 
@ Year's guarantee on spec @ 0.04% DC 
accuracy @ IEEE option @ Large display 
and 104 V dc resolution. 


For thosé requiring 10 times more sensitivity 
and an analogue output there’s the 177, a 
unit with similar specification to the 179A. 
Both models are part of a vast range of test 
equipment from one of the world’s leading 
manufacturers. 

For more information fill in the coupon at the 
bottom of the page. 


Fz Alternatively, phone our instant 
Information : ; 

Service on 

0734 864784 now. 


KEITHLEY 


Keithley Instruments Ltd "s 5 
1 Boulton Road Reading Berkshire, G2 ONL’ 
Telephone (0734) 861287 “Me 7 
Telex 847047 


9812 IEEE PROGRAMMABLE SWITCH 


24 double pole changeover switches are available with full IEEE control. Each switch is rated at 1 Amp, 30V dc or 
100V ac. Thermal emfs have been minimised to less than 1V per switch. All outputs are on the rear panel along 
with the IEEE address selector switch and bus connector. Manual control of the switches is also provided via a 
set of front panel switches which also incorporate LED indicators. 


9811 IEEE PROGRAMMABLE RESISTANCE 


0-1 Megohm in 1 Ohm steps, fully programmable via the IEEE bus. Accuracy is 0.1% over most of the resistance 
range. Resistors are rated at 1 watt each. An attractive feature is the option to switch to local operation when the 
output resistance can be set, up manually via front panel switches. 


i 


Ca oa 
Ime voy 
6 RUN U sen 0625 529599 
35/39 Church Street, Wilmlsow, Cheshire SK9 1AS 


TIME ELECTRONICS LTD, Botany Industrial Est., Tonbridge, Kent, England TN9 1RS. Tet: (0732) 355993. Telex: 95481 GX 


WW — 069 FOR FURTHER DETAILS 


ELECTRON GUNS 
TV TUBE COMPONENTS 


If you are Rebuilding or Manufacturing TV Tubes — We are the 
leading; suppliers of Electron Guns and TV Tube Components to the 
TV Tube Industry. We specialise in all aspects of Electron Mount 


IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING 
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI- 
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE 
CASH PURCHASERS OF SUCH MATERIALS AND WOULD 
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE. 
WE PAY TOP PRICES AND COLLECT. 


Anentire 
range of 
low-cost 
high- 
performance 
instruments 


sabtronics G 
‘Making Performance Affordable 


*2010A 3%2-Digit L.E.D. Bench DMM 5020A 1Hz-200KHz Function Generator 
*2015A 23¥% Digit L.C.D. Bench DMM *B110A 100MHz 8-Digit Frequency Meter 
2020 3%-Digit L.E.D. Bench DMM *B8610A GOOMHz 8-Digit Frequency Meter 

with Microcomputer Interface *8610B 600MHz 9-Digit Frequency Meter 


Technology. 
Our product range includes more than agen types for Colour, In 
ount 


Line, Mono and Display Tubes along with arts, Bases, Get- 
ters, Sealoffs, and all other associated items for TV Tube Production. 
A Full Technical Back-up and Advisory Service is available to all 
customers Worldwide. 


Please request our current catalogues and Data Information. 


Fy GrietrRonic ian 
WARWICKSHIRE 
ma EMISSION LTD 


Telephone: (0789) 76452/764100. Telex: 312354 Grifem G 


BROADFIELDS & MAYCO DISPOSALS 


21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner 
Telephone 445 2713/0749 (9461) 


WW - 095 FOR FURTHER DETAILS 


2033 3%-Digit L.C.D. Hand DMM 80008 Lee i poean yie ai pa ae pm 
. %-Digi fo) z Universal l] 
Oar A gvebigit LCD. Hand DMM Counter/Timor fe PS a S a EE oa 
winte gp: wey oon ndie Taci Oscilloscope r. | 
ic Probe 900: à , . 
ea, i alae i * Also available in kit form. | l’dlike to know more... i 
GE Emene SA | contenant Pe SARSY Run e deen oinak esi Compaiaiout i Nane l 
4032 32K Computer £575 SEE THE NEW measures up to the best. Compa ) o : 
A a ne Dova T opex Diek £350 | ATODCONVERTERS RESOLUTIONS | £165 cs a oln pricés Sno one canlbeavour E Position 
4040 343K Dual Floppy Disk £575 v X/Y PLOTTERS (A3 SIZE UPWARDS) S FULLY WORKING AND OPERATIONAL “ite > rf P ti i è I 
“eae ood Be DIGITAL INPUTS/OUTPUTS ASK US ABOUT ALL THE ADD-ON-GOODIES DiiCePPemetmancerpar'd. Company | 
8036 36K Couinuter £995 l RS 232: IEEE : CENTRONIC INTERFACES is THAT GO WITH THE VIC Full colour illustrated | Add 
pe A AS WELL AS BUSINESS SOFTWARE, WE ALSO MASSES OF BOOKS ON THE brochure and price tist from: ress | 
8050 950K Dual Drive Floppy Disk £750 CAN SUPPLY ENGINEERING PET& VIC r 
ua raor ead Printer a Dik FAEN ve REQUIREMENTS, UKE: cag M + INTERFACING & CONTROL BLACK STAR T s BIAC SE [l | 
N L ES SEND US A LARG MPED ADDRESSED . Ives 
9000 SuperPet 134K Multilanguage Computer TAPEPREP FOR ONC MACHINE ROOLS ENVELOPE (12x9) END WE WILL BE DE- A Adee inet = ye Telephone | 
£1295 | SECTION CALCULATIONS FOR DRAWING | LIGHTED TO SEND YOU ALL OUR CURRENT Cambs. P 7 Uo 
; y 


TOOL KITS (BASIC 2 & 4). SUPERCHIPS 


ORMATION 


Tel: (0480) 62440. Telex 32339 


OFFICES — INFOR ! 
AND ALL SORTS OF OTHER CHIPS ANALYSIS FOR CONTROL SYSTEMS “* PRICES DO NOT INCLUDE VAT 


PERSONAL SHOPPERS WELCOME ALL GOODS SENT SAME DAY WHEREVER POSSIBLE Ee] | ux WW - S | WW — 005 FOR FURTHER DETAILS 
Phone & Mail Orders accepted LARGE S.A.E. FOR LISTS ETC. | = 045 FOR FURTHER DETAIL 
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WW — 063 FOR FURTHER DETAILS 


VALVES SEMICONDUCTORS 
& COMPONENTS for:- 


Communications, Displays, 
Radar, Computer, 
Audio etc. 


Hall Electric Limited 
Electron House 

Cray Avenue, St. Mary Cray 
Orpington, Kent BR5 3QJ 
Telephone: Orpington 27098 
Telex: 896141 


MIN DEF APPROVAL 0529/0531 


WIRELESS WORLD JUNE 1982 


_ The : 
Professional Choice 


Amcron 


Since the introduction of the DC300 in 1967, AMCRON amplifiers have 
been used worldwide — wherever there has been a need for a rugged and 
reliable amplifier. Their reputation amongst professional users, throughout 
industry, has made the name of AMCRON synonymous with power 
amplification. For power you can depend on - choose AMCRON, the 
professional choice. 


For further details contact the UK Industrial distributor: 


Á , i 
LS. REER E ES 


16, ST. ALFEGE PASSAGE, LONDON SE10 
TELEPHONE: 01-853 5295. 
TELEX: 923393 LASER G 


WW — 030 FOR FURTHER DETAILS 
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FAST ERECTING 


CLARK 


MASTS 


Here is the expertise „25 
you can depend on- [ “asain 
'eld 
‘When you choose a mast from the compre- 
hensive Clark range you are assured of a high 


standard of Engineering and operational relia- 
bility. 


Why compromise? 


Exténded heights 4 metres-30 metres, capable 
of lifting headload 1 kg- 
200 kgs. i 
Sectional or telescopic 
air operated for field or 
vehicle mounting. 
Write or phone us for 
details today. 


Clark Q.T.4M/HP mast shown on tri- 
pod, extended to 4 metres and tripod 
folded for transit. Available in heights 
up to 12 metres. ` : 

This mast is ideal for raising light- 
| „weight antennas for field or vehicle 


mounting. 


CLARK MASTS LTD. L 
Binstead, +7 
Isle of Wight,, y 1 
PO33 3PA, England. 

Telephone: Ryde (0983) 63691, Telex: 86686. 


WW — 066 FOR FURTHER DETAILS 
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2114L — 200ns 
2114L — 450ns 
2716 (+5V) 
2732 

2532 

6116P-3 


Basic Built 8K + 2K £135 


w ` Expanded 12K + 12K + VIA £185 
(P&P £2.50/unit) 
3A 5V Regulated Power supply ree [FI .80 P&P) ATOM PSU £7 + 
1.20 P&P 
F.P. ROM £20 1K RAM £2 (2x2114L) Toolbox ROM £25 
; New Colour Encoder Card £39 + £1 P&P 
ATOM Sound Board Kit £34.95 + £1 P&P 
ATOM Vision Kit £46 + £1 P&P 
ATOM DISK PACK complete with Controller Card, PSU to run 
disc pack + 12K + 12K ATOM, Connector cable and socket, 
instruction book and manual £299 + £6 carriage 
FULL RANGE OF ATOM ACCESSORIES & SOFTWARE IN STOCK’ 
BBC Microcomputer Memories, Expansion Sockets and 
Connectors now available 
Send for our detailed lists 


PRINTERS &sonmx sor 


@ 9x9 matrix with true descenders @ 80 CPS Bi-directional with 
logic seeking @ 80 columns with condensed, emphasised en- 
larged characters ® Full Graphics capability (F/T 2) @ MX 80 
F/T 1 £340 @ MX80 F/T 2 £360 
Carriage £10/printer 
BBC recommend MX 80 F/T 2 for their computer 


MICRO TRAINER 


@ Based on the successful RCA 1802 CMOS microprocessor, 
this development kit offers the most comprehensive facilities 
at the lowest cost; the ideal teaching aid, or a powerful 
software development tool for 1802 control systems. 

@ Low resolution video display permits display of 1802 register 
set or blocks of stored data. 

@ 4K virtual machine monitor provides single step simulator for 
program tracing and debugging, with single line dis- 
assembler. . 

@ 112K of RAM for user programs, 

@ Many other features plus professional PTH board for simpli- 


fied con struction. 


An ideal software development tool. A 
program can be developed, debugged 
and verified and then can either be com- 
mitted to an EPROM or the program can 
be used in any host computer by plug- 
ging the SOFTY into its EPROM socket. 

ee the review in Sept. ’81 PE for the 
various facilities provided on SOFTY. 
SOFTY complete with PSU, ROMULATOR 

& TV leads 


£169 


MENTA 


New Z80 Development System. Plugs into TV and cassette 
recorder. 40-key direct ASSEMBLER/EDITOR, 24 hits of I/O. Ideal for 
study, microcontrol and robotics. Power supply and TV lead incl. 


£115 


Xeltron Diskettes: 
S.S.D.D. £23 for 10 Discs + Library Case. 
D.S.D.D. £27 for 10 Discs + Library Case. 


Floppy Disc Drive Mechanism 
Teac FD50A 514’, £150 + £2.50 P&P. 
Olivetti FD501AF 514”, £150 + £2.50 P&P. 


UV ERASERS 


UV1Bf42 UV140£61.50 UV141£78 
Upto Up to As UV140 but 
6EPROMS 14EPROMS withtimer _ 


All above ERASERS fitted with the safety interlocks 
to avoid accidenta! exposure to UV rays. 


TECHNOMATIC TECHNOMATIC TECHNOMATIC 
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FEELER 


3383 


= 


PEEFEET EEEEE EE 


N 
3s 


ETER EEEE REE 


UPC1156H 
XR2206 
ZN414 
ZN419C 
ZN423E 
ZN424E 
ZN425E 
ZN427E 
ZN1034E 
ZN1040€ 
ZNA234 


85855 


LARE EE PE RAEE EEA 


33888 


383 


mà md 


LE EREEEREEEEE 


P 

78L05 30p 

7a e 

08 30p 

78L12 30p 12V 7912 
15V100mA 78L15 30p 15V 79L15 
OTHER REGULATORS 
LM309H 1A5V 100p 78HGKC 
LM309K 1A5V 135p 78HO5KC 
LM317K 325p 78MGT2C 
LM317T 1A Adj 200p 78GUIC 
LM337T 225p 79GUIC 
LM323K3A5V 500p 79HGKC 
LM723 150mAAdj — ICL 7660 

37p TL497 

TL494 400p LM305AH 
78540 225p- 


OPTO-BLECTRONICS 


2N5777 45p ORP60 
OcP71 180p ORP61 
ORP12 120p TL78 

TIL32 55p 


OPTO-ISOLATORS 
ILD74 

MCT26 

MCS2400 

1LO74 


= 


TIL111 
TIL112 
TIL113 
TIL116 


LEDS 
0.125” 
TIL209R 
TIL211 Gr 
TIL212 Ye 
TIL216 R 


DISPLAYS 
3015F 


0.2" 
TIL220R 
TIL222 Gr 
TIL228 Ye 


MAN3640 
MAN4640 


COMPUTER COM 


1802CE 


450p 
1NS8060 £11 
TMS9980 £20 
z8 £24 


Z80 320p 
Z80A 

Z80B £15 
8088 £18 


SUPPORT 
DEVICES 


Z80ADART 


800p 
Z80ADMA £72 
Z80S10-0 £9 
Z80S10-1 ¿9 
Z80S10-2 19 


CRT 
CONTROLLER 

| CRT5027 £18 
CRT5037 £1 
CRT6545 £12 
£F9365 £60 


8 pin 


Mc6s45 
MC6847 
SFF96364 
TMS9918 
TMS9927 


21014A 
2102-3L 
21078 
2111A 
2112-A 
2114-2L 
2147 
4027-3 
4044-45 
4116-15 
4116-20 
4118-3 
4118-4 
4164-2 
4816AP-3 320p 
5101 300p 
6116P-3_ 550p 
6116LP-3 750 
651445 £ 
6810 200p 
7489 210p 
745189 325p 
745201 350p 
745289 325p 


748188 
749287 
745288 ` 
748387 
748471 


732 5p 
2716-350NS 


500p 
2792:3505 


AY-31015p 

AY-5-1013P 
300p 

COM8017 300p 


(M6402 450p 
TR1602 300p 


CHARACTER 
GENERATORS 


RO3-2513 
U.C, 750p 


L.C, 7 
SN74S262AN 


ee a aae 

LOW PROFILE DIL SOCKETS BY TEXAS 
in 9p 18pin 16p 
14pin 10p 20pin 18P 28pin 26p 
16pin 11p 22pin 22p 40pin 30p 


24pin 24p 


AD558C/ 775p 
AD561J £14 


AM25LS2521 
AM26LS31 

k 160p 
AUE 


< DAC80 
DM8131 
DP8304 
DS8830 
088831 
0$8832 
0S8833 
DS8836 
088838 
LF13201 
MC 1488 
MC 1489 
MC3418 
MC3446 
MC3480 
MC3486 
MC3487 
MC4024 
MC4044, P 
MC14411 700p 


MM58174 £1 
ULN2003A 


P 
81LS95/96 
81LS97/98 300 


ZN425E-8 350p 
ZN426E-8 350p 
ZN427E-8 650p 
ZN428E-8 500p 


TELETEXT 


af 


SAA5020 
SAA5030 
SAA5041 
SAA5050 


AM25S10 350p » 


100KH; 
200KH. 


1.008 


Ñ 


y 
D 
© 


seeyrasee 
g 


SPOMNNIDUE A A A A www N NN e 
=o-0008 = 
BE esos 


909 


74C92 


6MHz 
8MHz 


COM8 
4702A 


= 3 2 
INTERGACE CRYSTALS e 14pin 16pin 24pin 40pin 
ES JCs z 32.768KHz Singlaand 145p 165p 240p 380p 


100p 
z 250p 
z 280p 


Freq in MHz 
10 


‘00p 
2 500p 


UHF 
375p 
UHF 


450p 


BAUO!RATE 
ENERATOR | 


116 £8 


MC 14411_ £7 


750p 


FD1771 £20 
FD1791 £30 


| 


| KEYBOARD | 
ENCODER 


A523700 


CONNECTOR SYSTEMS 
JUMPER LEADS 
4'' Cable with Headers 


Double end 210p 230p 345p 540p 
Cabte with Sockets 
$ 20pin 26pin 34pin 40pin 
Single end a 2 z 
10p 270p 30 
Double end (18” R Piece 
290p 385p 490p 540p 


‘ 


ID CONNECTORS 
(Speed Bloc type) 
No of ways 
Header 
Plug 


90p 165p 200p 240p270p 
Recp'cle 


90p 165p 200p 240p 270p 


EDROCONNECTORS 
u: 
DIN 41612 2x32 Way G 
300p 
Angled 2 + 32 Way 350p 
DIN 41617 31 Way 200p 
‘(for 2x32 Way please specity A + B 
or A + C type) 
DIN41612 3x3 2-way 


350p 
DIN41617 21 way 180p 


420p 
180p 


DIL HEADER PLUGS 
14pin 16pin 24pin 40pin 


| Soldertype 50p 60p 100p 275p 
| IOC type 


130p 140p 200p 285p 


MIN D CONNECTORS 
No. of ways Seis 2513) 
MALE 


Solder 90p 135p 200p280p 
Angled 160p 230p 265p 425p 
Sold vee i 245p 375; 
older 90p245p375p 
Angled 175p 240p 310p500p 
Hoods 


Centronix type 37-way conn. £6.50 
25-way D conn. jumper M; £5 F; £5.50 
25-way IDC Female connector: £4 


OIL SWITCHES 
4-way 90p 
8-way 120p 
6-way £105p 
10-way 150p 


ZIF SKTS 
24 pin £6 
28 pin £7 
40 pin £10 


EDGE CONNECTORS 
0.1" 0.156" 
150p 
170p 


200p 


6A 120p 
—] 10A 400V 200p 


WIRE WRAP SOCKETS BY TEXAS 


8 pin 
14 pin 
16 pin 


25p 18 pin 
35p 20 pin 
40p 22 pin 


50p 24 pin 
60p 28 pin 
65p 40 pin 


| ZENERS 
2.7V-33V 
401 


TRANSISTORS 


DL704 

OL707 

OL7750 
OL7760 
FND357 
FND500 
FND507 


NSB5881 
THL311 
T1L312/3 
T1321 
TIL322 
T330 


TD 


MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 

Tel: 01-452 1500, 01-450 6597. Telex: 922800 

305 EDGWARE ROAD, LONDON W2 Tel: 01-723 0233 
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BFX30 27p 
BFX84/5 40p 
BFX86/7 27p | 


BSX19/20 24p | 
BU104 225p 
BU105 

BU108 

BU109 

BU126 

BU180A 

BU205 

BU208 


60p 
MJE2955 100p 
MJE3055 
MPF102 
MPF103/4 


TIP31C 


TIP32A 
TIP32C 
TIP33A 
TIP33C 
TIP34A 
TIP34C 
TIP35A 
TIP35C 
TIP36A 
TIP36C 
TIP41A 
TIP41C 
TIP42A 
TIP42C 
TIP54 

TIP120 
TIP122 
TIP142 
TiP147 


VNIOKM 100p 


2N1131/2 
2N1613 
2N1711 
2N2102 70p ` 
2N2160 350p 
2N2219A 


80p 
12p 
13p 
15p 
18p 
18p 
25p 
45p 
30p 
30p 
45p 
18p 
36p 
25p 
25p 


2N3055. 
2N3442 
2N3553 


2N3702/3 
2N3704/5 
2N3706/7 
2N3708/9 
2N3773 
2N3819 
2N3820 
2N3823 
2N3866 
2N3902 


7 
2N33903/4 


2N3905/6 
2N4037 
2N4123/4 
2N4125/6 
2N4401/3 
2N4427 
2N4871 
2N5087 
2N5089 
2N5172 
2N5191 
2N5194 
2N5245 
2N5296 
2N5401 
2N5457/8 
2N5459 
2N5460 
2N5485 
2N5875 
2N6027 
2N6052 
2N6059 
2N6107 
2N6247 
2N6254 
2N6290 
28C1172 
2$C1306 
2SC1307 
2SC1957 
2SC1969 
28C2028 


.28C2029 


48p 
140p 
240p 


12p 
4p 
12p 
300p 


40871/2 


DIODES 

BY127 12p 
BYX36300 20p 
OA47 


0A90/91 
OA95 
0A200 
OA202 
1N914 
1N916 
1N4148 
1N4001/2 
1N4003/4 
1N4005 
1N4006/7 
1N5404/5 
1N5404/7 
15920 
BRIDGE 
RECTIFIERS 
1A 50V 
1A 100V 
1A 400V 
1A 600V 
2A 50V 
2A 100V 
2A 400V 
3A 200V 
3A 600V 
4A 100V 
4A 400V 
6A 50V 
6A 100V 


mW 
1w 


TRIACS 
PLASTIC 

3A 400V 

6A 400V 

6A 500V 

8A 400V 

8A 500V 

12A 400V  B5p 
12A500V 105p 
16A400V 110p 
16A500V 130p 


P | T2800D ` 130p 


100p THYRISTORS 
3A 400V 


8A 600V 
12A 400V 


MOUNTING 
RELAYS 

6 or 12V DC Coil 
SPDT 2A 24V DC 


160p 
6 or 12V DC Coil 
DPDT 5A 24V DC 
240V AC 200p 
6 or 12V DC Coil 
SPDT 10A 24V 


PLEASE ADD 40p P&P & 15% VAT (Export no VAT) 
Government, Colleges, etc. ORDERS WELCOME 
VISA & ACCESS CARDS ACCEPTED 


ASK FOR A DETAILED PRICE UST 


25A 400V 400p 


10 20 26 34 4f 


Edge conn 200p 240p 300p 380p 550p fi 


100p 100p 100p 150p | 


S 


21 


simple answer 
to all your 

power supply 

problems. 


3 „are EE 


INVERTER BYPASS 


Uninterruptible Power Supplies — UPS 
250va upwards to.25kva, 50 or 60Hz. 
O STANDBY POWER, Invaluable for winding down a 
computer programme on mains failure and wherever _ 
continuous power is essential. Better than 95% pure sine 


wave. 
© STABILISATION. +5% Vital to combat mains 
fluctuations and ensure the operation of equipment at 
peak efficiency. s ; 

O TRANSIENT ATTENUATION, Provides suppression of 
mains borne interference (spikes). 

An unbeatable power package from £495 ex works. 


Mantenan free lead acid batteries, available to suit all 
needs. $ 

For more information, cut the coupon or contact Galatrek 
direct. Mr. R. Koffler, Galatrek International, Scotland 
Street, Llanrwst, nr Llandudno, Gwynedd LL26 OAL, 
North Wales, Great Britain, Tel No: 0492-64031 1/641298 
Night Service: 0492-30592 Telex: 617114 A/B Galahu. 


ALATREKEŅÀ — 


Please send full details of your range of voltage stabilisers, 
filters, cutouts UPS and generators. 


| Address 


Country 


Name | 


TelephoneNo __ 
3 (WW/2) 
a eee a E M M M 
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* Autostart Operation 
with Watchdog Timer 


* RS232 Interface * Powerful Tiny 
48 I/O Lines Basic Processor 

3k Up td 16K Byte EPROM Accommodates Instant 
EPROM Programmer ROMO Modules 


The Essex Tiny Basic Computer is an ideal choice 
for data acquisition and process control systems. Its 
crystal controlled timer and interrupts provide 
accurate timing and fast response to critical events, 
while the watchdog timer ensures reliable operation. 
Programs can be entered and tested from an RS232 
termina, and then be copied into EPROM. Alter- 
natively, Instant ROM modules may be used both 
during development and for program storage. 
‘INSTANT ROM is the trademark of Greenwich Instruments 


PRICE EXCLUDING VAT: £185 — CARRIAGE WITHIN THE UK £2 
— PLEASE SEND FOR FULL INFORMATION 


Essex Electronics Centre 
University of Essex, Colchester, CO4 3SQ. 
Telephone: Colchester (0206) 865089 
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New From Barmeco 


Introducing a new 3 element H.F. Tribanda with proven 
performance and reliability. 


THE WORLD RANGER TRIBANDER 


Designed, engineered and manufactured in the U.K. Use 
of high-quality materials ensures high electrical stability 
under all weather conditions with exceptional mechani- 
cal rigidity and strength. All traps are high grade P.T-F.E. 
formers with insulated windings. 


Specification: 
Frequency 10,15 & 20 metres 
Impedance 52 ohms 
-R.F. Power (max.) 1 kW (AM) 

2 kW (PEP) 
VSWR (at resonance) Less than 2.0:1 
Forward gain up to 8.0 db 
Front-to-Back Ratio 25 db 


Mast Diameter 31.75mm to 41.30mm 
Wind Survival 80 mph 

Turning Radius 14-10” 

Longest element 26’ 

Boom length 12’ 

Net Weight 21Ibs 


£120 complete with Balun including carriage and VAT 
Balun available at £15 each 


Orders to: 
BARNET METAL CAR AND CO. LIMITED 
Tewin Road, Welwyn Garden City, Hertfordshire 


Telephone: Welwyn Garden City 24327 
Telex: 28125. Cable: BARMECO 
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KEITHLEY) 130 DIGITAL MULTIMETER 


GET YOUR 
HANDS ONA 
KEITHLEY 130 


The pocket Digital Multimeter by which 
others are judged. 


£8 


And generous discounts start at 
10 units; 5%. 
Everything about the 130 is right. 
Easy to operate, large clear read-out. 
Compact, robust and reliable. With a 
specification few can equal in 
machines costing twice the price: 


@ Only one calibration adjustment. 
@ One year guarantee on spec. 


@ 25 ranges and five functions: 
ohms, DC and AC volts and amps. 


@ 10 amp range. 
@ 100V, 1 A, 0.1 Q sensitivity. 
@ 20,000 hour M.T.B.F. 


All this is backed by the immense know- 
how of a specialist company with an 
enviable reputation for test equipment 
spanning almost all requirements from 
312 to 52 digits. 

How do you get one? 
Simple. Just send off the coupon 
enclosing cheque or postal order. And 
see for yourself how the 130 measures 
up. 
The Keithley 130 — the D.M.M. that 
won’t stretch your pocket! 


THLE 


F 
t 
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This new addition to the Eddystone range 
of diecast boxes is supplied with 
interchangeable deep or shallow, close- 
fitting flanged lids giving flexibility of 
application with minimum stocking. 

Please write or telephone for details of 
the new, versatile 10758P box. And ask 
about the whole Eddystone range of 
strong, lightweight, corrosion-resistant, 
diecast aluminium boxes, water-resistant 
boxes and moulded ABS plastic boxes, 
in a range of sizes to meet a thousand 
applications. 


Eddystone Radio Limited 


Member of Marconi Communication Systems Limited 


Alvechurch Road, Birmingham B31 3PP, England 
Telephone: 021-475 2231 Telex: 337081 


A GEC Marcon Electronics Company 


SAFGAN DT-400 Series 
BRITISH MAKE 
DUAL TRACE ‘SCOPES 
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nst — K 
DT-410,10 MHz | DT-41515MHz | DT-42020MHz 

ee CH1, CH2:5mv/div— 20v/div. % External Trigger 

te Time Base: 1 sec/div—100ns/div. wX Z-Modulation. 

te XY Facility: Matched XY inputs. xe CAL output 1v 1kHz. 

tke Trigger: Level control, + Slope se Graticule blue ruled 8x10 div. (4in. CRT) 

selection. ¥ Size: H215mm, W165mm, D280mm. “ 
x Auto, Normal, TV Triggering. xe Weight: 4kg. 


PROBE (X!-REF-X10) £11.50 


SAFGAN ELECTRONICS LTD. 


OMEGA ROAD, WOKING, SURREY TEL. WOKING {04862) 69560 
Carriage: England & Wales £7.50 + V.A.T.; Scotland £10.50 + V.A.T. 
London Stockist: Audio Electronics - Tel: 01-724 3564 BARCLAYCARD 
Nonh-West Stockist: Darom Supplies, Warrington, Ches. - Tel; Warrington 64764 
Avon Stockist: L. F, Hanney, Bath. - Tel: Bath 24811 
Cardiff Stockist: Steve's Electronics Supply Co., Cardiff - Tel: (0222) 41905 
Chesterfield Stockist: Kays Elactronics, Chesterfield - Tel: (0246) 31696 
Newcastle Stockist: Aitken Bros. & Co., Newcastle - Tel: 0632 26729 
Birmingham Stockist: P A.T.H. Electronic Services - Tel; 021-327 2339 
Derby Stockist: RTS, Derby - Tel: {0332} 41235 
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PRODUCTION 


TESTING POWER UNITS 


Now available with 
3 OUTPUTS 


DEVELOPMENT 


SERVICING 


Type 250VRU/30/25 


OUTPUT 1: 0-30v, 25A\DC 
OUTPUT 2: 0-70v, 10A AC 
OUTPUT 3: 0-250v, 4A AC 


ALL 
Continuously 
Variable 


Valradıo 


VALRADIO LIMITED, BROWELLS LANE, FELTHAM 
MIDDLESEX TW13 7EN 
Telephone: 01-890 4242/4837 
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FM/AM 1000s with Spectrum 


Analyser—we call it the SUPER—S 


A portable communications service monitor from IFR, 
light enough to carry anywhere and good enough for 
most two-way radio system tests. 

The FM/AM 1000s can do the work of a spectrum 
analyser, oscilloscope, tone generator, deviation meter, 
modulation meter, signal generator, wattmeter, voltmeter, 
frequency error meter—and up to five service engineers 
who could be doing something else! 


A PRACTICAL TOP UP! 
MM-100 MULTI-METER 


Simply replaces the protective lid of the FM/AM 1000s, It 
includes a modified probe, PB-114, and a built in speaker 
unit with independent volume control for audible response 
to signal measurement: This practical ‘top up’ will perform 
the following functions. a 


Sinad: Measurements for 1 kHz 

tone (+ 20 Hz) 
Distortion: To 30% : 
DC Volts: Up to 300 volts and up to 
800 volts when the X10 probe is used . , 
AC Volts: 600 VRMS maximum for frequencies between 
25 Hz and 25 kHz 
Ohms: Using the modified probe, part number PB-114, 
Ohms can be measured on scales X1 to X10 K 
% AM Measured on the RF signal applied to the 
FM/AM-1000 unit 


OPTIONAL ACCESSORIES 


A choice of R.F. power attenuators and protective 
carrying cases. 


For further information contact Mike Taylor 


| Fieldtech 


& | Fieldtech | Heathrow Ltd. 


Huntavia House 
f ! 420 Bath Road 
Hunting g Heathrow j West Drayton 
4 Middiesex UB7 OLL 
Tel: 01-897 6446 
Telex: 23734 


IFR precision simulators |Free c 
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MICROCOMPUTER COMPONENTS 


LOWEST PRICES - FASTEST DELIVERY 


Device 


x 
a 


Oevice 


4555 3 74LS166 
7418173 
7418174 
7418175 
7418181 
7418190 
74LS191 
7418192 
7418193 
7418194 
7418195 
7418196 


MEMORIES 
21141-200ns 
21141-300ns 
{GTE-special for 

ACORN, 
2708 450ns 
2716 450ns $ 
(Single + 5V) LM338K 
2532 450ns 
2732 450ns A ZBO FAMILY 
4116 150ns 
4116 200ns 
4118 150ns 7418197 
4118 200ns i g i 7418221 
5516 200ns 8. 2 7 ; 7418240 
61161P150ns 10.83 7418241 
61161P200ns 10.00 7418242 
6116P 150ns 525 7418243 
6116P 200ns 4.95 7418244 


7418245 
CRT CONTROLLER: 
EF6845P 


7418247 
7418248 
EF9364P 
EF9365P 


aawoosso 
sesssgaer 


29opppope 
NN RANNN=O 


8.50 
7418249 
7418251 
7418253 
7418257 
J j 7415258 
MK 388644 14. 0.84 , 7418259 
i 7418261 
6800 FAMILY . . 74LS266 
6800 i 7418273 
7418279 
7418283 
7415290 
7418293 
7418365 
j 74LS366 
741855 b 74LS367 

741$36B 

7418373 


BBC MICRO nS 
UPGRADE KITS STS 


74LS386 
74LS390 


Part No Description Price Each | 741 $393 


BBC 1 16k Memory Upgrade Kit 32.00 Jaye aya 
BBC 2 Printer/User 1/0 Kit 9.50 wes 0.07 
BBC 3 Floppy Disc Controller Kit 42.50 ‘ato 
BBC 4 Analogue input Kit 9.50 Bae 
BBC 5 Serial Interface and 11.45 22 pin 
RGB Connector Kit a 
WO1387 45. BBC 6 Expansion Bus and 6.95 40 pin 
WD1691 i Tube’ Kit LOW PROFILE 
NEOUS Special price for alt kits purchased 99.95 SE iir- 
AO ANTCIIPS together 


{Converts Model A to Mode B) 


sESEsReeanses 


ret betel bette 


SSanesee 


OATA CONVERTERS 
ZN42! 345 


6.91 741573 


ZERO - INSERTION 
FORGE OIL 

24 pin : 

28 pin 

40 pin 

CRYSTALS 


eS eessssess— 
I Sosa ose eas eg 
6355538838 


RO-3-2513L 
RO-3-2513U 
ULN2803A(L203) 


688651 2.15 
DVM CHIPS 68000C4 110.00 


ZN450e 7.81 
ZN450E DVMKIT 25.00 r FAMILY 


Ses88S38 


| NEW | ; 
NEC 12” MONITOR 


Custom made 
computer display inc 
LM748CN built in speaker and 


REGULATORS 
7805 


amp. Green phosphor 
display 149.00 
(£10 carriage & VAT) 


EPROM Erasers 

UV141-14 eprom 

capacity~built in tuner 
78.00 


74.8165 i (+£5 carnage & VAT). 


NOSS9SS=-9880=-c80—Sc050; 
SBsesessss 3 ENB: 


OFICIAL MEE 34 HOUR TELEPHONE SERVICE FOR SeA 
CREDIT CARD USERS AOS 


WELCOME 
* Free Reply Paid Envelope with every order x 
* All CWO's receive a voucher value £1 against future purchase * 
* All prices exclude VAT & P & P (0.75) (Free on CWO's over £10) x 
* All orders despatched on day of receipt with full refund on out of stock items if requested x 


MIDWICH COMPUTER CO. LTD. 


DEPT WW, HEWITT HOUSE, NORTHGATE STREET, 
BURY ST. EDMUNDS, SUFFOLK IP33 1HQ 
TELEPHONE: (0284) 701321 TELEX: 817670 
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Price on the page 


Ambit’s new 
style catalogue 
continues to 
lead the market 
with low 
prices, new 
items, info, 

| 3x £1 discount 
vouchers. 
Here’s a few 
examples of 
some super low 
| prices: 


a) oe 


> g AMBIT 


78XX 1A 
BC237/8/9 
3SK51 


WRONG TIME? 


MSF CLOCK is ALWAYS CORRECT — never gains or loses, SELF 
SETTING at switch-on, 8 digits show Date, Hours, Minutes and 
Seconds, auto GMT/BST and leap year, can expand to Years, 
Months, Weekdays and Milliseconds, also parallel BCD output for 
computer or alarm and audio to record and show time on playback, 
receives Rugby 60kHz atomic time signals, built-in antenna, 
1000Km range, GET the RIGHT TIME, £62.80. 

V.L.F.? EXPLORE 10-150KHz, Receiver £16.50. 


60KHZ RUGBY RECEIVER, as in MSF Clock, serial ddta output for 


computer, etc, decoding details, £17.90. 


Each fun-to-build kit (ready made to order) includes all parts, printed 
circuit, case, postage, etc, instructions, money back assurance so GET 
yours NOW. i 


CAMBRIDGE KITS 


45 (WF) Old School Lane, Milton, Cambridge. Tel. 860150 


NICADS: UK's LOWEST PRICES 


AMBIT’S NEW CONCISE COMPONENT CATALOGUE IS OUT NOW ~ t Availa}, 


x 2200 mAh c * 2.35 1.99 
37p 1200 mAh D 2.14 2.06 
4000 mAh D 3.05 2.85 

110 mAh 


8p 
54p 
10MHz XTALS 

8 Pole 10.7 MHz XTAC filters £14.50 
2GHz coax relay 150W. £10.95 

+ all the usual stuff at rock bottom prices + 
» -| Toko coils, crystal and ceramic filters, 
micrometals toroids, Fairite ferrites, Alps 


switches, OKI LSI, Piezo sounders, RF, IF 
Modules + Kits etc. 


5 = TELEPHONE (STD 0277) 230309 TELEX 995194 AMBITG POSTCODE CM144SG 
AMBIT internationa! a Sr 
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— CAPACITY TYPE 1-9 10-49 
~i 500 mAh AA 80 74 


£2 Prices shown EXCLUDE VAT. 


Access/Barclaycard may be used 
with written or telephone orders, 
official MA details on application. 


E& EO. 
POSTAGE and PACKING 
50p per order 


RADIATION DETECT 


BE PREPARED VIEW THRU LENS $ 
Ideal for the experimenter mi 
E THIS DOSIMETER WILL AUTOMATICALLY 

DETECT GAMMA AND X-RAYS 
B UNIT IS SIZE OF FOUNTAIN PEN & CLIPS 

ONTO TOP POCKET 
@ PRECISION INSTRUMENT 
E MANUFACTURERS CURRENT PRICE OF A 

SIMILAR MODEL OVER £25 EACH 
W0-5R 

British design & manufacture 

Tested and fully guaranteed. Ex-stock delivery. 


As supplied to Fire'Services/Civil Defence | rae | 
giicja i! iiders welcome pa 
01-723 1008/9 ra 
CALLERS: 404 EDGWARE ROAD, LONDON W2 1ED Z ~ 


Mail Orders/Export Enquiries to: 11-12 Paddington Green, London W2 
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THE MOST 
ECONOMICALLY — PRICED 
PROFESSIONAL EPROM 
PROGRAMMERS AROUND 


SUITABLE FOR EPROMS: 
2703), ZONGE27 1G, 2582 127 32527324 
plus option for 2564, 2764 


DATAPR M Beane JAI HESS SEY 
j Albetros (Products) Limited Frances Road Basingstoke Hampshire RG21 3DA 
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The only full-featured ECL Logic 
Probe...available now! 


ECL users take heart! Global Specialties’ new LP-4 is a full- 
featured ECL Logic Probe specifically designed to meet the 
demanding tolerances and speed of emitter coupled logic. 


The LP-4 comes complete and ready to use . . . in a com- 
} pact, rugged carrying case with a full complement of acces- 
| sories. No need to design and build special adapters or fit- - 
tings. . . they're all included. . . just power up the LP-4 from 
the circuit under test (V_-) and you’re ready to start looking 
: for transients . . . intermittent pulses . . . stuck nodes and 
| invalid logic levels . . . at frequencies up to 150 MHz and 
pulse widths down to 3 nanoseconds. Naturally, pulse 
stretching (.3 sec/event) and memory are built in and switch 
selectable. 


_ If you’re working with emitter coupled logic . . . you need 
| the LP-4. At only £97.00 you can’t afford to be without 
| One. Order yours today by phoning 0799 21682 (24 hour 
| service). Price including P&P and 15% VAT £113.85 


Specifications: THRESHOLD VOLTAGES, POSITIVE LOGIC Vee -5.2 + .01 VDC @ 25°C +3°C Logic 
One (1):-1.10+0.5 VDC Logic Zero (0): -1.50+.05 VDC Vee -5.2+5%, Ta 10°-40°C Logic One (1): -1.10 
+0.1 VDC Logic Zero (0):-1.50+0.1 VDC INPUT IMPEDANCE Greater than 10k Ohms INPUT PULSE 
WIDTH (MINIMUM) 3 nano-seconds INPUT PULSE REPETITION RATE 100 MHz minimum; (150 MHz typical 
at 50% duty cycle) INPUT OVERLOAD PROTECTION + 100 
VDC, continuous; + 220 VDC, transients; 120 VAC for 30 sec- 
onds (to 1 KHz) POWER REQUIREMENTS -5.2 VDC + 5% at 
100 mA, Supply Voltage Protection: -12 to +200 VDC OP 
TEMP 10-40°C INCLUDES Instruction manual, LDA-8 36” 
power ground leads with alligator clips, LDA-1 1.5” long probe tip, 
LDA-5 3” long ground alligator clip, LDA-3 3” long easy hook input 
adapter, LDA-10 BNC input adapter, LDA-11 3” long wire wrap 
pin-input adapter, LDA-12 3" long wire wrap pin-ground adapter 
DIMENSIONS 5.8 x 1.0x0.7inchesL x W x D(147x 25x18 
mm) 30z(85gm) STOCK NO 07-0010 


P-d1 2eo0ud 133 


S.C. (UK) Limited, Dept. 7Y, Unit 1, Shire Hill Industrial Estate, Saffron Waiden, Essex CB11 3AQ. 


GLOBAL SPECIALTIES CORPORATION [FG Sc (UK) Limited, Dept. 7Y, Unit 1, Shi 


É l [ Model LP-4 LOGIC PROBE Unit price inc P&P 15% VAT-£113.85 (iat | | 
| Name =... ge e a’ | 


l Address — orne I 
G.S.C. (UK) Limited, Dept. 7Y l enclose cheque/P.O. for £ __.. nm v= -2e | —__§___.___ Or debit my Barclaycard/Access/ | 
Unit 1, Shire Hill Industrial Estate American Express card nO. exp. date 


Saffron Walden, Essex CB11 3AQ J FOR IMMEDIATE ACTION TheG S.C. 24 hour, 5 day a week service, 
Telephone: Saffron Walden (0799) 21682 Telephone (0799) 21682 and give us your Barclaycard, Access, American 


For FREE | 
catalogue 
3 Express number and your order will be in the post immediately. tick box D 
Telex: 817477 am a m a a o a M e a eee a ea a a a a a m 
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Marconi 

Type R1020 
Hinged antenna 
column. 


Easy to raise 
Easy to lower 
x 


Immensely strong, corrosion 
resistant MATHWEB* g.rp. column 
in a rugged steel tabernacle 
Lightweight, easy to install, and can 
be safely lowered by one man — 


Can support a number of VHF/UHF . 
antennas 


Column supplied in range of colours 
including ICAO orange/white, and 

requires no painting or maintenance 
Available in heights from 11 to 
19.5 metres 


Ee 


arta MMOL 


OTHER MARCONI SUPPORT STRUCTURES 
Include the MATHWEB* Lattice Antenna Mast Type 
R1010, and the Triangular Section Tubular Steel Self 
Supporting Tower Type R1060. 
For details of these and other Marconi Antennas 
products please contact Chris Pettitt, Marketing 
‘Manager Antenna Systems Division. 
* MATHWEB is a registered trademark of the BP Group 


e d 
. Marconi wy 
Antennas 
Marconi Communications Systems Limited 


Lane Works, Waterhouse Lane, Chelmsford CM1 2QX, England 
Tel: 0245 67111 Telex: 99108 


nl 


i 


AGEC-Marconi Electronics Company 
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IRVINE BUSINESS 
BW EMS ID 


NEW PRODUCTS 
LB.S. now manufacture Industrial quality $100 products in:Scottand. 
1.B.S. 1903 and 1906. 5100 19’’ Sub Rack System. ing 
Thase racks were designed originally to the exacting specification of the Electricity 
Generating Board for use on nuclear power stations. i 
1903 is a 3 high card cage and 8-amp power supply and will take 6 $100 cards. 
1906 is a 6U high card cage and 16-amp power supply and will take 12 $100 cards. 
X IEC mains connector, filter, fuse and tap change switch on rear panel. 
tk Key operated ON/OFF/RESET for maximum security. 
%& Heavy duty painted front panel. 
X Carrying handles. 
%& Supplied assembled complete with Power supply, IEEE (696) motherboard, card 
guides, and cooling fans. 


B.S. 1906. 
6-slot Card cage, card guides, mother board and fan. 
12-slot Card cage, card guides, mother board and fans... 


* LB.S. 64K CMOS Static RAM/PROM Board for'S100. 


This is a superior quality Ram/Prom board for the industrial user, the board wilt accept 
either H6116-3 (2K x 8) Ram chips or 2716 EProms in any combination. 

X 5100 IEEE (696) Compatible. X Will run at 6Mhz with standard Rams. 
K 24 Bit Addressing. %& Wait state generation for Proms. 

X Can be used with any CPU. A Phantomable. 

X Prom/Ram selectable on 2K boundary. F 

Hr Prom/Ram can be disabled to suit popular mamory mapped devices. 

X Low power. 


PRICES: 
BARE BOARD Assembled/ 16K 32K 48K 56K 64K 
tested £65.00 £179.00 £239:00 £299.00 £329.00 £359.00 


Educational and industrial discounts available. 
SOFTWARE SALE (whilst stocks last). 


Microsoft Basic 80 WAS £175 
Microsoft Basic Compiler WAS £180 
Introductory offer & 
MicroPro CALC STAR WAS £175 NOW. cseecrerers vena $49.00 i 
X Visit our stand at the Thames Valley Business Show, on 23/24/25th March "82 í 
tand H50/51 
% The Fulcrum Centre ™ Slough Ia i 
The above prices exclude VAT at 15% ` 
IRVINE BUSINESS SYSTEMS LTD. arm 
~ P.O. BOX 5 TEL.0294 218888 Mea E [ 
10 NORTH VENNEL Telex 777582 Roe e 
BOURTREEHILL Mark: attn. IBS 
IRVINE | 
AYRSHIRE KA11 1NE \ 
= “ey = = < > ~ 


RF POWER TRANSISTORS—EX-STOCK 


TYPE TYPE 

2N4933 
2N5070 
2N5071 
2N5090 
2N5102 
2N5590 
2N5591 
2N5641 
2N5642 
2N5643 
2N5913 
2N6080 
2N6081 
2N6082 
2N6083 
2N6084 


[LYRE E 
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2N4932 
BLY93C 


COMMUNICATION TUBES—EX-STOCK 


TYPE £ 

6155/QY3-125 _ 47.30 

6155/QY3-125(AEL) 
22.40 


6156/QY4-250 
6883B 
:7527/QY 4-400 
°7854/YL1060 
8042 

A2426 
QQV03-10 
QQV03-10(AEL) 
QQV03-20A 
QQVO3(AEL) 
QQV06-40A 
QQV06-40AAEL} 
QQVv07-50 
QV08-100 
QY5-3000A 
TBL2-300 

TT21 

TT22 


SEND ÑOW FOR PRICE LISTS SHOWING QUANTITY DISCOUNTS 


AEL 


EXPORT SPECIALIST 


SEND FOR DETAILS TO, 

AERO ELECTRONICS {AEL) LTD. 
GATWICK HOUSE 

HORLEY, SURREY, ENGLAND 
TEL. (02934) 5353 

TELEX 87116 (AERO G) 

CABLES AERO G TELEX HORLEY 
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_CENTRES _ 
MULTIMETER = 


CALLIN AND SEE FOR YOURSELF | 
OPEN SIX DAYS A WEEK 2 MSDS 


2033A Sabtronics version of above £39. 


|] CROTECH 3035 | PROFESSIONAL 100 K OHM/VOLT| LCD LOW COST MULTIMETERS 


oete 


Tube DC - 10 MHZ 


5mV/DIV 220/240V AC Trig. to 20 MHZ 
As saveriised by us at £189.75 inc. VAT 


<S £168.50 nn 


(UK c/p £3.50) Exclusive to Audio Electronics 


10 MHZ Scope 
30 ranges 15A AC/DC 


Plus Component} | 5 xy. 200 meg ohms. 


Tester Features mirror scale, 


me polarity reverse, electronic 
5° - 130mm Flat Face overload protection. taut band 


suspension. 
As advertised by us at £67.50 
| + case i.e. £84.00 


ww £49 Inc. VAT 


(UK c/p £1.50) with leather case“ 
Exclusive to Audio Electronics 


SABTRONICS EQUIPMENT NEW Low Prices! 


New reliable range of DMM's and 


frequency computers with those 
extra facilities and competitive 
prices. All battery operated 
{supplied}. Except 5020A mains. 


Optional mains eliminators available. DIGITAL MULTIMETERS Two LCD i 


8 DIGIT COUNTERS 0.1 HZ to 10 HZ 
1OmV sensitivity to 100 MHZ 


(UK c/p £1.00) models. 0.1% basic accuracy. 


8110A 20 HZ-100 MHZ in 2 ranges 
8610A 20 HZ-600 MHZ in 3 ranges 


to 1GHZ. Resolution 0.1 HZ-10 HZ 


86108 10 HZ-600 MHZ in 3 ranges 
£113. 


80008 10 HZ-1GHZ in 3 anges, 


5 £178.00 
2015A LCD version of above £95. 


(c.p 2035/37A 65p: All others £1 


RF AND AUDIO SIGNAL GENERATORS Mains operated 
(UK c/p £1.00) Audio 20 HZ-200 KHZ 4 band. Sine/Square o/p 


TE22D Distortion max 1% 
| LAGZ6 Distortion 0.5-1% leader 


| LAGI20A 5 range 10 HZ-1 MHZ. Size/sq. 0.05-0.8% DIS 
LAG125 Low distortion version of LAG120A 0.02% 


| AG202A Distortion 0.5-1% Trio 


AG203 10HZ-1 MHZ 5 band max distortion 0.1% Trio 

RF All feature Int/Ext. MOD. Variable output 

TE20D 100 KHZ-100 MHZ 6 band (300 MHZ harmonics) 

L8616 100 KHZ-100 MHZ 6 band (300 MHZ harmonics) Leader 


$6402 100 KHZ-30 MHZ 6iband prof 


DIP meter 


HM20 20K/VOLT multirange 


multimete 
meter 150 
RC 1000 0/ 


SWA etc. 150 MHZ max. £32.95 175 SWR/Field strength/aeriai 


UH74 SWB 0/ 10w Power. 
_ 0/50/144/430 MHZ tester. 


FCIOOM 120 IMEZ Fion Power 4 Mie 


Counter 
j Justa sel 


in stock - 


including 


77.00 AC/DC Meg ohm ETC 


94.00 +150°C Temp. range 0.1°C 
8 DIGIT COUNTERS 30mV sensitivity - 


FUNCTION GENERATOR (UK c/p £1.00) 
with mains adaptor 

5020A 1HZ-200 KHZ Sine /Square/ 
Triangle/TTC Freq. sweep. Low 
distortion 


Res. hand held - one with temperature Optional carry case £18. 
range. Also LCD and LED Bench (0p 4 a 
2035A 31% digit LCD hand 2A 

£71.00 
2037A As 2035A with -50°C to 


resolution £77.00 

2033A 31% digit LCD 2A 

AC/DC etc., basic 0.5% £39.95 

.85 2010A 3'4 Digit LED. Auto decimal & 

minus. 10A AC/DC. 20Meg ohm etc. 
£81.50 


00 THP 20 Touch and Hold optional 
00) probe for DMM's £14.95 


Carry case (state mode!) 


X1-X10 £10.50: x100 £16. 


*meter display 
essional trio 


AMATEUR/CB 


TESTING —Fulliists send SAE SPECIAL CB ACCESSORY 
KDM6 1.5 to 250 MHZ 6 range 


PURCHASES (Post 55p) 

CB20 SWR/Power twin meter 

r. Plus SWR/Power 10 30 MHZ. 1Kw £8.95 
MHZ £19.95 | SWR 50A as above but to 
10/100/1000 watts, 90MHz £11.95 


MULTIMETERS 


(UK c/p £1.50) 
Allfeaturing AC/DC 
Voits/Current & Ohms ranges. 


matcher single mete £11.95 
o aa M1500 43 range 20K/Volt: AC/DC 10A 


171 Twin meter SWR/Field 
£13.95 strength 0/10/100w 
£10.95 


12056 13.8v 510 7amp 
ection of a huge range regulated power supply 
send for latest lists (post £1.00) £12.95 
professional ranges. 


20 Meg ohm: 5kV AC/DC 


Temperature Probe for K1400 £16.00 


SAFGAN PORTABLE OSCILLOSCOPES 


Range of low cost Dual Trace Scopes mains operated. Made in UK to 


exacting 


standards. Available as 10'MHZ. 15 MHZ or 20 MHZ. All feature 


5mV sensitivity, 0.5 micro sec. 6.4 x 8cm display (UK c/p £2.50) 


DT410 
DT415 
DT420 


Dual 10 MHZ 
Dual 15 MHZ 


£205.85 
£217.35 


Dual 20 MHZ £228.85 


OPTIONAL SCOPE PROBES —SEE HAMEG ABOVE Mi 


CUBEGATE | 
LIMITED 


ARE PEN DAYS A WEEK -CALL IN AND SEE FOR YOURSELF Si 
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VARIABLE AND FIXED 
POWER SUPPLIES 
(UK c/p £1.00 any model). 


SPECIAL PURCHASE 
1205 13.8v 5 to7 amp 


£67. 
M1200 30 range 100K/Volt; AC/DC 15A 200 Meg ohm. 1905a 
K1400 26 range larae scale 20K/Volt: 10A AC/DC; _ 


K200 39 range 10 Meg ohm input, 25 HZ- 
OPTIONS Cases: M 1500 & 1200 £16.50: K1400 £19.00 


0601 314 digit LCD 26 range push button 2A 
AC/DC 20 meg ohm Basic 0.5% £37.95 
HC703 0.1% version of above £54.00 
DM6011A/188m 314 digit LCD 15 range push 
button plus Hfe Tester 10A DC (No AC A)£43.50 
189m 3/2 digit LCD 30 range Rotary switch plus 
Hfe Tester 10A AC/DC ' £69.95 
Callers will always find a range of low cost test 
equipment. accessories. tools. irons and 
boards in stock. also special offers for certain 
equipment which will vary from time to time 
Price correct at time of preparation E&OE 

All prices include VAT 


CHOOSE FROM UK's LARGEST RANGE | 


=} | STOP PRESS Fow onty 6110.23 range 104 AC/OC, range 
hold. continuity buzzer plus much more Rotary switch 


HAMEG OSCILLOSCOPES 


Range of top quality scopes for Amateur and 
Professional (UK c/p ‘307° £3.00, other £4.00) 

307 Single trace 10 MHZ. 5mV: 0.5 micro sec. Plus built in 
component tester 6 x 7cm pirar £158.70 
203 Dual 20 MHZ: Trig to 30 MHZ 5mV: 0.5 micro secs. 

8 x 10cm display (replace model 312) £253.00 
412-5 Dual 20 MHZ delayed sweep: trig to 40 MHZ: 5mV 
0.1 micro sec 8 x 10cm display. 402: 
705 Dual 70 MHZ. Delayed sweep: Single sweep: Delay 

line: Trig to 70 MHZ: 2mV: 


0.1 micro sec. 8 x 10cm display 


Options 203/412/705 Viewing hood 
Component tester 203, 412, 705 


Optional Probes (All nous £7.95: x10 £9.45 


H265 Add on component tester ~ Any Scope 


THURLBY DIGITAL MODEL 
MULTIMETERS 1503a 


£12.95 


*PP241 0/12-12-24V 0/1 amp £95 .00 
*PP243 0/12-12/24V 0/3 amp £59.95 


*AP154 5-15V 0/3 amp 


£49.95 


44, Digit. 0.05% 7 FunctionLCD 
30 ranges: 1200V DC, 750V AC, 10A AC/DC, 32 Meg 
ohm, Also includes frequency measurement to 4 
MHZ and:4 KHZ output. 
Made to exacting standards in the UK. 
1503Ha High resolution version £189.75 
trice is with batteries. test leads and mains 
adaptor 

£171.00 


59 | (optional carry case £20.45) 
£342.70 UK c/p £1.00 


DIRECT READ 
HV PROBE uk c/p B5p) 
‘O/40KV: 20K Volt £18.40 


£49.00 


£95.00 
1MHZ £105.00 


powered (uk c/p 60p) 
EP1 DTL/TTL/CMOS. 10 MHZ: Pulse: Memory £35.50 


` LP2 DTL/TTL/CMOS. 1.5 MHZ: Pulse: £19.95 


LP3 DTL/TTL/CMOS. 50 MHZ: Pulse: Memory 
LM1 Logic monitor for 8to 16 pinIC’s = \ 
OP1 Digital pulser. Single or 100pps. £58.50 
LDPO76 50 MHZ: 10Meg ohm: Logic Probe, with case £56.90 


£95.95 
£33.00 


i Order by Post 
VISA | with CHEQUES/ 


your order 


Allow uptot0da 
fordelivery ` 


( 20p UK) 
3 Schools, Companies, 
etc. free on request. 
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hit performance hit rel 


hi? performance hit competitive hi? 


LOW COST 
EXCELLENCE No1 


with a 2 Year Guarantee 


OSCILLOSCOPES 

CO 1303D and 1303G 

@ DCto 5 MHz 

@ 10 mV/div. with Var. Atten. 
@ 4int.sweep speeds 10 Hz 
to 100 KHz 

Int. and Ext, Sync. 

Prices from just over £100. 
è Direct Deflection Terminals 
on “D” can monitor RF to 

450 MHz. 

@ “G” monitor range 1.8 to 54 MHz, 1 to 500 W direct plus Two 
Tone Generator, 

@ Ideal for SSB, AM, CW etc. 


RC OSCILLATOR 

AG 202A 

20 Hz to 200 KHz 

Sine and Square wave 

10 V rms from 600 ohms 

> 60 dB of O/P attenuation 
<0.5% Distortion 

Large Scale and smooth 
precise tuning ` 

@ Ext. Sync. >` 


AG 203 10 Hz to 1 MHz < 0.1% Distortion 

SG 402 AM SIGNAL GENERATOR 

100 KHz to 30 MHz in 6 Bands 

Large clear freq. dial 

100 mV of variable O/P with Int. and Ext. AM ` 
Prices from approx. £60. 


eeeeoeed 
ê 


bility hi? service hi? performance hi? conipalitin 


la 


VARIABLE el 
POWER SUPPLIES g 
PR 601A and PR 602A 


® Output 0-25V/3A 

@ 3 Preset Voltages . 

@ Large Accurate Meter 

@ Low Ripple and Noise 

è Auto. constant! protection 

è Visual indication of I 
overload i 


Y uvu jod 


@ VOLT OHM METER VT 108 

@ DCV, ACV and Ohms with 30 sec. memory 

@ Oto 1500 VDC-0.1to 1500 VAC—0.1 ohms to 1000 Mohms 
& © 15Hzto 5 MHz Bandwidth — Battery or AC Adapter (opt. I. 

@& © Prices from approx. £86. wae 
= CE J 
r Also AVAILABLE arange of more than oes O 1to100MHz æ 
= RealTime, Digital Storage, Battery Portable, X-Y and Programmable — ~ 
[3] DM Ms - Frequency meters — Electronic Voitmeters — Power and DIP = 
Zs meters — Variable Power Supplies ~ Noise meters — Signal Sources, AF, = 
@e RF, Function, Sweep, TV Pattern and Stereo — Wow and Fiutter etc. etc. = 
em Ask for FREE Data and Prices. wv 

fe 

— 
House of Instruments ee =g j 
Clifton Chambers, 62 High Street AeH =o 
Saffron Walden, Essex CB10 1EE s 

a 


Tel: (0799) 24922 Telex: 818750 petit 
P VISA 
reve | 


@ TRIO, 


hit competitive hi? House of instruments Ltd. 
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BED 
PARABOLIC DISHES 


6ft dia. for use in satellite reception and - 
microwave transmissions. Please send - 
S.A.E. for full details and data sheet. 


Harrison Bros. 


Electronic Distributors 


22 Milton Road, Westcliff-on-Sea, Essex SSO 7JX 
Tel: Southend (0702) 32338 


WW - 087 FOR FURTHER DETAILS 


INDUSTRIAL MUSCLE 
AT A REALISTIC PRICE 


POWER BANDWIDTH DC to 100KHZ+ 1db 
OUTPUT POWER IN EXCESS OF 500 WATTS PER 
CHANNEL INTO 2 OHMS. 

OR IN EXCESS OF 1KW SINGLE CHANNEL IN > 
BRIDGE MODE INTO 6 OHMS . 

HARMONIC DISTORTION LESS THAN 0-01% DC: 
TO 100KHZ AT 1KW INTO 6 OHMS 

INTERFACE BOARDS CAN BE CUSTOM DESIGNED 
AND BUILT TO CATER FOR A WIDE RANGE OF 
SPECIALISED USES 

OUTPUT MATCHING TRANSFORMERS AVAILABLE 
TO MATCH VIRTUALLY ANY LOAD ‘ 
UNCONDITIONALLY STABLE INTO ANY LOAD . 
BASIC PRICE INCLUDING BRIDGE MODE 
SWITCHING AND HANDLES £455 


S & R AMPLIFICATION 


6 Tanners Hill, London S.E.8 -— 
Telephone: 01-692 2009 
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Memopak 16K Memory Extension 
- £39.95 incl VAT 


Itis a fact that the ZX81 has revolutionised home computing. 
and coupled with the new Memopak 16K it gives you a 
massive 16K of Directly Addressable RAM. which is neither 
switched nor paged. With the addition of the Memopak 16K 
your ZX81's enlarged memory capacity will enable it to 
execute longer and more sophisticated programs. and to 
hold an extended database. 

The 16K and 64K Memopaks come in attractive. custom- 
designed and engineered cases which fit snugly on to the 
back of the ZX81. giving firm, wobbie-free connections. 
See below for ordering information 


Coming Soon... 


MEMOPAK RAM 
É corpete ‘ange of ZX81 plug-in penpherals HI-RES GRAPHICS 
Memotech Hi-Res Graphics CENTRONICS UF, 

Centronics Interface and Software Drivers 


Memotech Digitising Tablet RS232 Interface a | 


All these products are designed to fit ‘piggy-back’ fashion 
on to each other. and use the Sinclair power supply 

` WATCH THIS SPACE for further details. We regret we are as yet 
unable to accept orders or enquiries concerning these products 
— but we'll let you know as soon as they oe available. 


How to order your Memopak. 
By Post: — Fill in the coupon below and enclose your 


cheque/P.O./Access or Barclaycard number. 
By Phone: Access/Barclaycard holders please ring 
Oxford (0865) 722102 (24-hour answering service) 


Please make cheques payable to Memotech Limited 
Please debit my Access/Barclaycard* account number 


ji | “Please delete whichever does not appiy 


SIGNATURE eine = ee DATE 
l 
| NAME 


=. 
—NEMOPAK 64k 


Memopak 64K Memory Extension 
“879.00 incl VAT 


The 64K Memopak is a pack which extends the memory of 
the ZX81 by a further 56K. and together with the ZX81 gives a 
full 64K. which is neither switched nor paged. and is directly 
addressable. The unit is user transparent and accepts basic 
commands such as 10 DIM A(9000). 


BREAKDOWN OF MEMORY ANDAS 


0-8K . . . Sinclair ROM 

8&1 6K. .., This section of memory switches in or out in 4K 
blocks to leave space for memory mapping. holds its 
contents during cassette loads. allows communication 
between programmes. and can be used to run assembly 
language routines. 

16-32K . . . This area can be used for basic programmes and 
assembly language routines. 

32-64K . . . 32K of RAM memory for basic variables and large 
arrays. 

With the Memopak 64K extension the ZX81 is transformed into a 
powerful computer, suitable for business. leisure and 
educational use. at a fraction of the cost of comparable 
systems. 


Unique 3 month trade-in offer! 


When your programming needs have outgrown the capacity 
provided by 16K RAM. and you find it necessary to further 
extend your ZX81's capacity. we will take back your16K ` 
Memopak and allow a discount of £15.00 against your 
purchase of our 64K model.” 

*We reserve the right to reject. for discounting purposes. units which 
have been either opened or damaged in any way. 


©R Branton &G A C Boyd 1982 


fete ge ee 


Please send me: 


See Se 
a 


64K RAM, Assembled 


ADDRESS 


Total Enclosed 


E 3 : WWI 
i We want to be sure you are satisfied with your Memopak — so we offer a 14-day money back Guarantee on all our products. 


eral 
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erect Limited, 3 Collins Street, Oxford OX4 1XL, England Telephone: Oxford (0865) 7221 “Seti 
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J Postage Do not affix Postage Stamps if posted in 
; l will be Gt Britain, Channel Islands, N Ireland 
C. MICROVOLTMETERS AND BROADBAND VOLTMETERS P To obtain further details of any of l paid by or the Isle of Man 
LEVELL A.C. MICR are part o 4 a. f, 5 
LOW C 0 ST our comprehensive range of test and mee nng gi Di a 5 he coded items mentioned in the Licensee 
These voltmeters give accurate readings over a wide range of frequencies. Istori 5 
They are housed in PAUSI steel cases and are powered by long life batteries. 2 torial or Advertisement pages 
vo LT M ETE R S Mains power units and leather carrying cases are available as optional extras. of this issue, please complete one — 
more of the attached cards 
A.C. MICROVOLTMETERS watering the reference number(s). | 
a type f : e p - 
VOLTAGE & 15uV, 50uV, 150uV . . . 500V fsd TM3A Your enquiries will be passed on to Í BUSINESS REPLY SERVICE 
dB RANGES Acc. +1% +1% fsd +1pV at 1kHz, the manufacturers concerned and I ‘Licence No 12045 
31007730 -rpt BOGE: £1 30 y xpect to hear from them > oP 
Scale —20dB/+ 6dB ref. 1mW/6002. _ you can expect rf è 
RESPONSE _ +3dB from 1Hz to 3MHz, direct in due course. Cards posted z eee sbi 
SDP from 4Hz to 1MHz above type om abroad require a stamp. 2 n35 Brighton AES 
500uV. TM3B These | vi ; i : 
TM3B filter switch; LF cut 10Hz. These Service Cards are, valid for | South Croydon 
HF cut 100KHz, 10KHz or 350Hz. E 1 45 six months from the date of j Surrey CR2 9PS 
INPUTIMPEDANCE Above 50mV: 10M9 <20pF. pu blication.. : | 
pecs a CN al Please Use Capital Letters 
"i l 
BROADBAND VOLTMETERS type, i 
H.F. VOLTAGE&  1mV,3mV, 10mV. . . 3V fsd. If you are way down on the 
©; ©; . 
SERA aa AGE ea ea Et ON NZ, £ 1 99 circulation list, you may not be | 
Scale —10dB/+3aB ref. 1mW/500 i getting the information you j 
a z N a 1 ES eee N ee Es E 
H.F. RESPONSE +3dB from 300kHz to 400MHz. SEE require from the journal-as => aan am aa a es a a ee ia ee CUT HERE a a at 
+0.7dB from 1 MHz to 50MHz. soon as you should. Why not Enquiry Service for Professional WIRELESS WORLD Wireless World, June 1982 WW 266 
L.F. RANGES As TM3 £2 1 5 | have your own copy? eaders 
i 4 p - Please arrange for me to receive further details of the products listed. 
+P&P and VAT the appropriate reference numbers of which have been entered in the 


LEVELL ELECTRONICS LTD. 


Moxon Street, Barnet, Herts. Tel. 01-449 5028/440 8686 


PORTABLE INSTRUMENTS 
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RADIOCODE 
CLOCKS 


are powerful and comprehensive instruments which receive, decode 

_ and analyse time-coded standard frequency transmissions to provide 
accurate, secure and completely automatic time/calendar or synchro- 
nisation systems. 


Applications 

Automatic master clock and slave controller. 
Synchronisation of separate equipment and events. 
Programmable energy management system. 
Computer clock/calendar with battery backup. 

Data logging and time recording. p 

Process and equipment control. 

Broadcasting, Astronomy, Navigation. 

Satellite tracking. 


scales? 
No problem! you tell us we can supply. 


for Colin Williams. 


f you have a time or synchronisation problem, 

write or phone for further details of our portable 

ae pa microcomputer-controlled Radiocode 
ocks. 


Circuit Services, 6 Elmbridge Drive 
Ruistip, Middlesex. Ruislip 76962 
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_ No matter what panel meter you may be looking for we can give 
you the meter you want. The Bach-Simpson range of standard 
models represents the largest selection of meters you will find 
anywhere. See our new catalogue and you will see what we mean. 
You may of course; have a need for customised meters. Do you 
require special sensitivities, special movement ballistics or special 


With our UK manufacturing facilities and our new Mod-Centre, we 
can produce meters to meet your requirements. 
If you would like to know more — write or ‘phone now and ask 


BS 
Bach-Simpson 
Bach-Simpson (U.K.) Limited, 


Trenant Estate, Wadebridge, Cornwall, PL27 6HD. 
Telephone: (020881) 2031 Telex: 45451 
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Austratia: Gordon & 
Gotch (Australasia) Ltd, 
380 Lonsdale Street, 
‘Melbourne 3000, Victoria 


Belgium: Agence et 
Messageries de la Presse, 
1 Rue de la Petite-ILE 
Brussels 7 


Canada: Davis Circulation 
“Agency, 153 St. Clair 
Avenue West, Toronto 195, 
Ontario 


Cyprus: General Press 


Dk. 1103 Kobenhavn. 


Finland: RautakiZja OY, 
Koivuvaarankuja 2, 
01640 Vantaa 64, Finland. 


France: Dawson-France 
S.A., B.P.40, F-91121, 
‘Palaiseau 


Distribution Agency, ` 
P.O. Box 316, 245 
Syngrou Avenue, 
Nea Smyfni, Greece. 


Amsterdam 1004 - 


Í india: international Book 
House, Indian Mercantile 
Mansion Ext, Madame 
Cama Road, Bombay 1 


iran: A.D.A.,161 Khiaban 
Soraya, Tehran 


‘Israel: Stelmatzky’s . 
Agency Ltd, Citrus House, 
P.O. Box 628, Tel Aviv 


ftaly: Intercontinental 
 3.a.s. Via Veracini9, 
10124 Milano 


www americanrapistony com 


f Holland: Van Ditmar N.V.. 
Oostellike Hendalskade 11, 


To start a one year’s subscription 
you may apply direct to us by 
using the card at the bottom of 
this page. You may also apply to 
the agent nearest to you, their 
address is shown below. 


OVERSEAS SUBSCRIPTION 
AGENTS 


Japan: Western Publica- 
tions Distribution Agency, 
170 Nishi-Okubo 
4-chome, Shinjuku-Ku, 
Tokyo 160 


Lebanon: Levant Distri- 
butors Co., P.O. Box 1181, 
Makdesi Street, Halim 
Hanna Bidg, Beirut 


Mataysie: Times 
Distributors Sdn. Bhd., 
Times House, i 
390 Kim Seng Road, 
Singapore 9, Maiaysia. 


Maita: W. H. Smith 
Continental Ltd, 
18a Scots Street, Valleta 


New Zealand : Gordon & 
Gotch (New Zealand) Ltd, 
102 Adelaide Road, 
Wellington 2 


Nigerla: Daily Times of 
Nigeria Ltd, 3 Kakawa 
Street, P.O. Box 139, 
Lagos 


Norway: A/S Narvesens 
Kioskompani, Bertrand 
Narvesens vei 2, Oslo 6 


Portugal: Livaria 
Bertrand s.a.r.l 
Apartado 37, Amadora 


South Africa: Central 
News Agency Ltd, P.O. 
Box 1033, Johannesburg 


Spain: Comercial 
Atheneams.a. Consejo de 
Clento, 130-136 Barceiona 
16 


` Sweden: Wennegren 


Williams A B. Fack S-104, 
25 Stockholm 30 


Switzerland: Naville & 
Cie SA, Rue Levrier 5-7, 
CH-1211 Geneve 1 
Schmidt Agence AG, 
Savogelstrasse 34, 
4002 Basle 


U.S.A.: John Batios, 
IPC Business Press, 


- 205 East 42nd Street. 


New York, N.Y.10017 


i C a I SN n TAH LD ee De ee ee ee ee ee 


¥ 


England 


"| | PUBLISHERS : l | 


i Position in COmeany onts aa E o aE e e e E stele E 1 


space provided. 


ised 6 Che Mem ame «me 4 @) bod te) ae Le sua ae Ge, aA T Che aye 6 RRR: 2 ew Om A Rite a 


Nature of Company/ Business. s, 0.0... 0.00. reao Da ei gs 
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l wish to subscribe to Wireless World O 


VALID FOR SIX MONTHS ONLY 
\ 
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-Wireless World: _ 
Subscription Order Form 


To become a subscriber to Wireless World 
please complete the reverse side of 

this form and return it with your 
remittance to: 


Subscription Manager, 

IPC Business Press, 

Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 


_ Enquiry Service for Professional 
eile ONLY. WIRELESS WORLD Wireless World, June 1982 WW 266 


Please arrange for me.to receive further details of the products listed, 
the appropriate reference numbers of which have been entered in the 
Space provided. 
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««{ Nature of Company/Business.............. Bc Ue D One, 2 Ae ne oe 


THE QUAD FM4; SEVEN PRESET STATIONS; STORED AND RECALLED UNDER'THE CONTROL OF A 
DEDICATED MICROPROCESSOR, WITH A LEVEL OF AUDIO PERFORMANCE LIMITED ONLY BY THE QUALITY OF 
THE INCOMING SIGNAL. DECEPTIVELY SIMPLE AND ORIGINAL, AS ONE WOULD EXPECT FROM QUAD. 


kT 
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Postage Do not affix Postage Stamps if posted in 

will be Gt Britain, Channel Islands, N Ireland . 

paid by or the Isle of Man ; 

Licensee l s 


BUSINESS REPLY SERVICE 
Licence No 12045- ' 


YOUR OLD AVOMETER 


WIRELESS WORLD 

Reader Enquiry Service 

429 Brighton Road 

ae anaes Send it now for estimate, 


repair or recalibration 
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Quick turn round 


pia . on estimates/repairs 
Wireless World Subscription Order Form Wireless World, June 1982 WW 266 / p 
aaastal s 


UK subscription rates ea & Toe aa rates Large stocks of new 
1 year: £12.00 | year: : AVOMETERS 
Overseas 7 year: £15.00 se © Ant ys et 4.38 QS eG OLR 
: A sag haeo Thee E Teao a DSi ~ . Se 
Please enter my subscription to Wireless World for 1 year Avo Sales and Servic w hai _i—V S a 
rig \ E Simply write or phone for more information to 
A M TT EE E . The Acoustical Manufacturing Co. Ltd., Huntingdon, Cambs. PE18 7DB. Telephone: (0480) 52561. 
SS PRESS Ltd. k Qiy 
pe eusmess @ Farnell QUAD « 
OG y 
rnational ze 
Namo.. aR ee a E aa E E, RE aE E P e e a eerie : Inte - for the closest approach 
Farnell International Instruments Ltd., to the original sound 
Address .......... en er n AET AS, eE T E a r T E a a na A nE Ar e ES Sandbeck Way „Wetherby 
ARE ee Preta West Yorkshire LS22 4DH 
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fact: 


Shure brings = 
intelligibility & reliability 


to professional communications 
microphones E. 


Experienced operators recognize thatthe audio quality of 


the transmitter is limited by the quality of the input from the i 
microphone. On the air, there's no mistaking the crisp, intelligible 


messages from Shure microphones. 


Shure microphones have been the overwhelming choice of 

- professional communications users all over the world for over 30 

years. Many milestone improvements developed for demanding 

professionals are found on Shure microphones: 

ARMO-DUR® Case: Lightweight, immune to oil, grease, fumes, 
salt spray, sun, rust, and corrosion. Prevents RF burn! 

“Million Cycle” leaf switch: Just one of the crucial wear points 
Shure-tested to ensure reliability and extraordinary durability. 

TRIPLE-FLEX® Cable: Provides three or four times longer flex life 
than previously available cords on hand-held microphones. 

CONTROLLED MAGNETIC® or Dynamic Transducer: The 
exclusive Shure-designed super-rugged transducers that 
give excellent voice intelligibility and super reliability. 
To improve your on-air intelligibility we suggest 


the following Shure Microphones: 


Mobile 
Application 


*General recommendation: Consult equipment instruction 


manual for correct microphone inpedance. 
**Noise-cancelling. 


Omnidirectional 

Mics (Models 407A, 
407B, 507B) 

+ Small, easy-to-handle de- 
sign, with rugged Dynamic 
or CONTROLLED MAG- 
NETIC® transducers for ex- 
cellent voice intelligibility. 
Hum-shielded and insu- 
lated against shock. Model 
507B Dynamic version fea- 
tures extended low and 
high frequency response, 
especially suitable for 
mobile FM transmitters. 
Modular construction 
simplifies field service. 


Communications Microphones by... 


Shure Electronics Limited, Eccleston Road, Maidstone ME15 6AU 


Fixed Station 
Application 


SHURE Hand-Held Mobile Mics | 


Compact Mini Mics 
(Models 414A, 414B) 
Ideal for miniaturized or 


systems, or where J 
dashboard space is lim- 


TROLLED MAGNETIC® 


yet they are rugged 
units, recommended for 
critical outdoor or indoor 
applications, 


Telephone: Maidstone (0622) 59881 
WW — 032 FOR FURTHER DETAILS 


portable communications 


ited. The 414 Series CON- 


SHURE 


Fixed-Station Mics 


Controlled Magnetic® 


Fixed Station 
Microphone 


(Models 444D, 450) 
Our most popular fixed- 
station microphones. 
Unmatched perform- 
ance characteristics. 
Adjustable stand raises 
microphone for most 
comfortable talking 


postion. 


New 
Transistorized Fixed- 

Station Microphone 
(Model 526T Sertes li) 


Anew design for maximum versatility 

in fixed-station operation. Modulation 

level (volume) control for high undistorted 
output with high- or low-impedance inputs. 


F 


microphones are about half 
the size and weight of con- 
ventional microphones— 


® 


Noise-Cancelling Mics 
(Models 577A, 577B) 
These Shure Dynamic mi- 
crophones shut out back- 
ground noise, permit clear 
transmission even where 
the noise level is so great 
that the operator cannot 
hear himself talking! The 
ARMO-DUR?® case is light- 
weight, feels natural to the 
touch. The 577A is high im- 
pedance; the 577B is low 
impedance. 
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Graven images, new style 


When Lech Walesa, the Polish union 
leader, was asked by the military regime to 
appear on television and speak for them, 
he replied, according to a report, “You 
will have to cut my body into a thousand 
pieces first”. This violently negative 
response speaks louder of the power of 
televison than all the strivings of young 
hopefuls in the entertainment business 
desperate to claw their way in front of the 
cameras. It also speaks loudly of the 
exclusive control of a whole broadcasting 
system by one authority. But state control 
only exemplifies, in a brutal way, the fact 
that television is a highly selective, and 
therefore exclusive, medium in the hands 
of anyone who uses it. 

Consider first how reality is excluded by 
the physical details of the television set 
operating in the home. The images on the 
screen are produced by means of 
transmitted light from glowing phosphor 
sources, whereas we normally see most 
things in the world by reflected light. 
Sound is gratuitously present, though the 
real world often has to be interpreted in 
silence. The pictures are viewed in the 
banal surroundings of household objects 
and events: furious drama may work itself 
out on the screen immediately next toa 
plate of sandwiches and a sleeping cat. On 
this screen the people and objects are 
miniatures, and the convergence feedback 
of our binocular vision tells us that the 
images are not the same as the originals 
seen at a distance. Overall the effect is that 
of a brightly-lit toy theatre. 

Within these physical limitations the 
deliberately selective processes of the 
broadcaster are operating. There is an old 
adage that newspapers can’t tell you what 
to think but they can tell you what to think 
about. Selection and exclusion begin on 
television with the overall policy of the 
broadcaster and are implemented first in 
programme planning and then in the 
structure of individual programmes. In 
political discussions, for example, the’ 
agenda is set in advance: any controversy is 
held within previously determined limits 
which can be enforced by editing the 
recording.. 

It is in the “language” and conventions 
of the visual presentation, though, that 
selection and exclusion are seen most 
immediately. First the sequence of shots is 


selected. Then each shot is structured by a 
variety of artifices: by choice of duration, 
framing, lighting, the angle and distance 
from which it is taken and so on. The 
precise meaning or mood which the viewer 
is expected to attach to the resulting 
images is fixed by the use of sound. Speech 
and music are very specific. 


One result of this concentration of 
selective processes is a distancing or 
alienation of the viewer from normal 
experience. Jonathan Miller, the television 
producer and man of many other parts, 
describes it well in his book on Marshall 
McLuhan. The images which television 
presents, he says, are “‘curiously 
dissociated from all other senses. The 
viewer sits watching them all in the drab 
comfort of his own home, cut off from the 
pain, heat and smell of what is actually 
going on. Even the sound is artificial... . 
All these effects serve to distance the 
viewer from the scenes which he is 
watching, and eventually he falls into the 
unconscious belief that the events which 
happen on tv are going on in some 
unbelievably remote theatre of human 
activity. The alienating effect is magnified 
by the fact that the tv screen reduces all 
images to the same visual quality. Atrocity 
and entertainment alternate with one 
another on the same rectangle of bulging 
glass. Comedy and politics merge into one 
continuous ribbon of transmission.” 


Perhaps what Miller describes is the 
result of the most powerful selective 
process of all — in the mind of the viewer. 
If we seem to go into an hypnotic trance 
when watching television it is because we 
have involuntarily agreed to suspend 
judgement on the reality of what is 
appearing on the screen. We have colluded 
with the modern graver of images in 
allowing ourselves to be transported by his 
art, shutting out our normal, hard-headed, 
sceptical selves. In this irrational state of 
suspended belief the contrived images and 


-sounds become more ‘real’ to us than the 


real world. Temporarily we can be 
persuaded of anything. This mental state, 
and how to produce it, is well understood 
by television playwrights, propagandists 
and makers of commercials. The 
unperceived surrender of the mind is 
where the real power of the medium lies. 


Ser 
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CRISIS CONTROL 


Typical ‘spread-panel’ contral-room 
display, in which the type of presentation 
makes it extremely difficult to investigate 
faults. 


There have been occasions in large con 
presented to controllers has been so vast a 
found it impossible to take in. The author pre 
such moments, and on methods of measuremen 


trol complexes when the amount of information 
nd, possibly, suspect, that operators have 
sents his views on methods of training for 
t and presentation to reduce the number 


of malfunctions and the level of stress on operators. 


The Senior Shift Engineer was more bewil- 
dered than horrified when he answered the 
“panic” call to the control room and saw 
his staff rushing backwards and forwards 
along the almost infinite assembly of 
panels, obviously not knowing in the least 
what was going on, and deafened by the 
ceaseless and ever-growing noise of the 
alarms. Full horror was to come almost 
immediately when he realised that hordes 
of men were surging into the room from all 
over the huge plant, summoned in a last 
desperate attempt to find out which, if 
any, of the meters and indicators were 
“telling the truth”. 

Fictitious? — yes. Exaggerated? — 
perhaps. Irrelevant? — no, for here is an 
extract from an account of such a cata- 
strophic ‘Incident’: “ . . . the operators 
were misled . . . because of a false indicator 
. . . and by signs of an apparent excess of 
water... All the events were accompanied 
by an unhelpful cacophony of about 100. 
alarms sounding off, distracting the 
operators as they faced panel upon panel of 
red, green and amber lights and dials indi- 
cating entirely unexpected combinations of 
conditions, and as they tried to grasp the 
significance of the mystifying changes that 
were happening . . .”. 

This description of a ‘developed’ crisis 
situation is taken from the masterly sum- 
mary by Sir Alan Cotterell” of what tends 
to be thought of as the sole example of the 
large-scale industrial disaster — the Three 
Mile Island accident. In actual fact, this 
near-catastrophic type of accident, with its 
far-reaching consequences, has been ex- 
perienced in many industrialized countries 
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in the world, but it was not until “Three 
Mile Island” had occurred that public 
awareness of the dangers involved became 
much more apparent. At the same time 
steps to introduce improved safety precau- 
tions were being taken at both national and 
international levels: for example, the EEC 
produced a Directive in 1980 aimed at 
avoiding major industrial disasters, and 
the Atomic Energy Agency called an inter- 
national conference in the same year to 
harmonize nuclear reactor safety standards 
worldwide. - 

Both technical and political interests 
now realize the need to provide additional, 
entirely new, safeguards in the operational 
design of large industrial complexes. The 
implied requirement for major changes in 
the ‘total? approach to high-risk installa- 
tions in particular becomes clear, and has 
been brought out in what amounts to pub- 
lic debate, largely critical in nature. 

This critical element has been especially 
marked in relation to “Three Mile Island”, 
where various forms of human error were 
blamed for the accident; and with strong 
attacks being made, in effect, not only on 
the operators themselves but on their 
selection and training. It is only when one 
builds up the background to this Incident 
in the light of ‘crisis control’ and allied 
considerations? that an entirely different 
picture emerges, which can be largely 
summarized by the statement that within 
the circumstances in which they were operat- 


ing, the control engineers at Three Mile 
Island could not have achieved more than 
they did. 

Before going into the way in which mea- 
surement and other information was pre- 
sented to them — quite inadequately — 
and into the whole question of the ‘good- 
ness’ (integrity) of this information, it is 
necessary to look at the state in which 
these engineers found themselves. It was, 
in a sense utterly fluid and had features 
which completely defied explanation. In 
the words of the Cottrell acount: 
“ |. . (they were) faced suddenly with a 
totally strange combination of events. . .” 
preceded by “ . . . (being) misled . . . be- 
cause of a false indicator . . . and by signs of 
an apparent excess of water. . .” 

This is the classic example of the final — 
full emergency — stage of an incident 
carrying high potential risk, where the 
control staff come to the chilling 
realisation that they are being given wrong 
information somewhere and that they have 
no possible means of finding out where. 


- Furthermore, as far as their control of the 


plant is concerned, they are completely out 
of contact with it; and, added to this, all 
their sources of control information have 
to be treated as totally suspect. 

Thus it has to be recognized that in such 
circumstances the stress to which the engi- 
neers are subjected can only be described 
as extreme in the full sense of the word. 
When it is remembered that the conditions 
producing the emergency are entirely un- 
foreseen, it becomes clear that it is vir- 
tually impossible to predict how any indi- 
vidual will behave in circumstances where 
“there is nothing to get hold of”. 
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Nevertheless, there are two related areas 
where experience can be quoted which 
bears very positively on this general ques- 
tion of behaviour under stress. - 

` The first of these areas is in the field of 
‘control room’ type operations carried out 
under wartime aerial bombing attacks. 
Secondly, it is not usually realized that in 
World War H, ‘ultimate crisis control’ was 
carried out under these hostile conditions. 
This was with extensive integrated broad- 
. casting networks under central master 
control and with large radar command 
systems, which became, in effect, the equi- 
valent of modern high-risk installations. 
As will be treated in more detail in Part 
2 of this article, observation has led to a 
number of conclusions on unexpected 
operational stress and methods of prepar- 
ing people for it. 
The most significant of these conclu- 


_ Sions was that under such stress, one or 


other of two conditions — A or B — was 
reached; assuming, of course, that a panic 
state was not developed, where ‘panic’ is 
differentiated from conditions A and B by 
being “unreasoning” and “sudden” in 
nature. ; 

Briefly, condition A is one in which — 
despite the severe stress — the person 
thinks and takes action exactly (as far as 
the outside world is concerned) as before 
the incident occurred. As will be indicated 
in Part 2, it is suggested that methods of 
training and preparation for this condition 
should be largely ‘subliminal’ in nature, 


i.e. without the training mechanism being 
really obvious. 


One of the main differences between ° 


conditions A and B is the virtual disap- 
pearance in B of the ability to take action, 
i.e. all initiative appears to be lost. In most 
cases “leadership by example” can restore 
it, and those in this condition are “near the 
surface” from this point of view. In practi- 
cal terms, they appear not to be in a state 
of shock, as it is generally understood. 
However, it is in the almost invariable 
change in facial expression to the blank 
look of mental handicap, familiar to those 
working in that field, which is most char- 
acteristic in Condition B. The ‘mentally 
handicapped look’ and other relevant as- 


pects of that complaint will be discussed . 


later in the context of a reserch programme 
which has been in progress for a number of 
years. This programme, conducted essen- 
tially on a voluntary basis, has nevertheless 
attracted an increasing amount of interest, 
particularly during the last two years; and 
has enabled major correlation to be estab- 
lished between observations made in one 
field and ‘practice’ in the other. Examples 
of such correlation include ‘thinking 
fatigue’ which is relevant to the design of 
data presentation and other equipment for 


Fig. 1. ‘Data-marshalling’ type of control- 
room, proposed for aircraft testing. Overall 
situation on wall diagram is broken down 
on operator's screens. 
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crisis control, and which appears as a 
major problem with the mentally handi- 
capped. 

Thinking fatigue may be defined as 


. fatigue produced by ‘multi-channel’ 


mental activity, i.e. where several ideas 
(lines of thought) have to be carried simul- 
taneously and coordinated. Instances are 


. afforded by an author writing a book with 


a complex, interacting, plot, or by a pilot 
landing an aircraft under adverse condi- 
tions with all the controls having to be 
operated simultaneously and in relation to 
a number of rapidly changing events. 
Another instance was offered by the editor 
of Wireless World last year (1981) as “An 
engineer preparing for or taking part in a 


“highly technical and diversified interna- 


tional conference”. 

It may be noted that the direction of 
‘spin-off flow’ in this area has been largely 
from mental handicap to operational de- 
sign in that the effects of ‘thinking fatigue’ 
can actually be seen with the former, 
whereas it tends to be regarded as almost 
hypothetical in the ordinary world. In 
contrast, in the other example to be quoted 
at this point, viz. data marshalling (to be - 
described in the next section), the flow has 
been mainly from the technical side to- 
wards mental handicap. This flow tends to 
become two-way as time goes on; it de- 
velops to benefit both sides, and then — in’ 
many cases — extends as an interchange of 
information to other areas, such as geriat- 
ric care. 


HYPER-INTERFACE 
TRANSFER ELEMENT 


HOSTILE PHYSICAL 
CONDITIONS 


Protective 
housing 


High temperature, 
blast’ pressures, 
shock/vibration, 
corrosive 
environment 


Mechanical 
isolation 


MECHANICAL PARTITION OR ENCLOSURE 
aaun we 
HAZARDOUS 
AREA 


Position 2 
electrical/ 
electronic unit 


Position 1 
electrical/ 
electronic unit 


Se 


La 


Signal-transparent 
ie barrier 


— 


—— LINE NOISE —~ 


‘NON-HOS TILE’ INSTRUMENT DRIFT, 
VULNERABILITY, PHYSICAL IMPERFECTIONS INTERFERENCE hi 
POTENTIAL SOURCES ag. HYSTERESIS THROUGHOUT 
OF ERROR 
Data marshalling Fig. 2. Transducer instrumentation chain in 


This concept, first introduced by the 
writer in 1 mainly in connexion with 
the testing of complex aerospace vehicles 
and aircraft generally, may be described as 
the separation, streaming and systematic 
presentation of “masses of data”. 

Figure 1 shows the control room instal- 
lation as originally envisaged for aircraft 
testing. The main display consisted of a 
wall diagram of the complete aircraft, with 
sections of the aircraft, selected on a func- 
tional basis and broken down to the next 
order of detail displayed on corresponding 


panels placed on the operator’s console. 


itself. 


a totally hostile environment. 


The design of the system was aimed at 
ensuring that “faults at once strike the 
attention of the operator, and their loca- 
tion and magnitude are clearly apparent to 
him”. Also as a statement of an ideal which 
is still aimed at “ . . . the action to be taken 
(in the event of a fault) arises naturally in 
his mind without the need for the analysis, 


correlation and interpretation of a mass of. 


data”. 

Even at that time it was suggested that 
all the displays, and particularly the wall 
diagram, might be by large-screen (cinema 
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NOMINAL NON-HAZARDOUS AREA 


SWITCHING NOISE 


Transducer Encoding 
selection conversion i 
switching 
ce) 
(6) 
(©; 
0o 


Require mechanical protection 
if breakdown of partition 
envisaged as possible 


CONVERSION 
ERRORS 


t 


size) television. It is not generally known 
that large-screen television was in opera- 
tion in certain London cinemas before 
World War II, and in a more advanced 
form, using high-voltage projection tubes, 
was demonstrated to the Press in 1948. | 
In non-aerospace, such as process-plant, 
applications, the wall diagram becomes an 
‘alarm and situation’ mimic-type diagram, 
designed to give an overall instantaneous 
picture of the system at any time, and 
particularly under alarm conditions. Thus, 
for example, with a large offshore oilfield, 
the A. and S. diagram would show a group 
of well-heads with their main pipeline runs 
and a pictorial representation of (say) the 


Fig. 3. Balanced-oscillator transducer 
system showing ‘designed-in’ intrinsic 
safety features. 


Balanced 
mixer 
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block of plant at the central platform. 
Working within a conventional computer- 
based (central processor) type of control 
system with visual display unit presenta- 
tion, alarms shown at critical points on the 
A. and S. diagram give a combined ‘alert- 
ing’ and ‘location’ signal to the control 
engineer should a fault develop. 

The resultant system is in sharp contrast 
with the ‘spread-panel’ type as shown in 
the heading illustration, and as described 
for Three Mile Island. Thus, even if the 
control engineers had been able to trust all 
their information during that incident, the 
presentation of this information was such 
as to make their task of investigating the 
fault quite impossible. With this in mind, 
it would seem pertinent to add that they 
would appear to have remained in opera- 
tional Condition A throughout, something 
which should not be overlooked. 


‘Telling the truth’ 

As has been stressed already, the most 
disturbing influence that a control engi- 
Meer can experience during a dangerous 
break-down is the realization that instru- 
ments are not ‘telling the truth’. It is mani- 
festly impossible to ensure that informa- 
tion will never be false (equivalent to 
infinite reliability), as, for example, when 
a position transducer is mounted on the 
‘drive’ side of a break in an actuator shaft. 
Nevertheless, design for full ‘crisis man- 
‘agement’ demands that every effort must 
be made to give the maximum integrity to 
every element in the control system. The 
process of selecting these elements and 
determining their ultimate form must be 
carried out jointly between user and 
control-system designer’ if the maximum 


protection is to be given to the whole 
‘installation. 
The provision of crisis-level protection 


is obviously a big subject; as on illustration 


ef the principles involved, consider of 
transducers as key elements in the overall 
(combined) main plant and control-system 
complex. They occupy the most exposed 
position in the instrumentation chain since 
they are vulnerable both to severe 
mechanical and electrical disturbance. 
Apart from various forms of mechanical 
protection determined by environmental 
engineering techniques, reducing vulnera- 
bility is fundamentally a matter of the de- 


sign and construction of the transducer . 


itself and (in the mechanical context) of its 
physical environment. Instrumentation 
transducer design is far more involved 
than is generally thought: this is particu- 
larly true at the ‘hyper-interface’ where the 
parameter/electrical signal transfer takes 
place; and it is at this interface that the 
actual measuring process may be said to 
take place. 

Consequently, it is vital that, under all 
conditions, the transducers should main- 


' tain the integrity of this transfer (i.e. that 


the transducer itself should ‘tell the 
truth’). The system diagram of Fig. 2 
shows how protection against totally hos- 
tile physical conditions can be ‘designed- 
in’ to the instrumentation chain system; 
and brings out the extra vulnerability of 
the transducer in meeting the ‘real’ hostile 
conditions such as blast pressures at the 


hyper-interface. The balanced-oscillator - 


(dual-chain) transducer system of Fig. 3 
has been designed from the beginning to 
exhibit minimum error under abnormal 
and ‘catastrophic’ conditions. , 


This family of transducers have a 
‘parameter-dependent’ frequency output 
derived as a difference (beat) frequency 
between two matched oscillators, them- 
selves tuned by high (electrical) resistance 
‘moving probes. These probes move dif- 
‘ferentially within their sensing coils at the 
input to the dual-chain system, which is 
‘terminated with a balanced mixer. The 
basic symmetry of the mechanical-electri- 
cal combination and its inherent balance 
provide a high degree of compensation for 
ambient changes. 

The greatest attraction of this configura- 
tion, however, arises with extreme envi- 
ronments, where the  series-resonance 
operation of the Clapp oscillators which 
are used, makes it possible to instal the 
sensing coil and probe remotely from the 
less ‘hard’ electronic unit. This is by virtue 
of the low-impedance (coaxial cable) 
connexion, which can be used between the 
two with the series-resonant oscillators. 
From the diagram it will be seen how this 
isolation as part of the intrinsic safety 
precautions built-in to the system, is an 
„advantage. Thus, with the ‘barrier’ protec- 
tion shown, the coil can be situated in the 
hazardous area and can be made effectively 
neutral, with little risk of energy at this 
point to initiating a spark. 
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Action on private mobile radio — urgent! 


Unless the Government takes action quickly to 
introduce repeaters, trunking and cellular 
systems, along with other measures to improve 
the effectiveness of private mobile radio, com- 
mercial enterprises, emergency services and 
public bodies will become much less efficient 
than their foreign counterparts and the UK 
radio industry will suffer. 

This is the burden of a report, prepared by 
PACTEL (PA Computers and Telecommuni- 
cations) on behalf of the Electronic Engineering 
Association, which is entitled ‘Mobile radio — 
the case for urgent action’*. It is the latest in a 
series of attempts. to persuade the Government, 
who control the use of the spectrum, to allow 
mobile radio users access to a share of the 


` 30MHz-1GHz spectrum more in keeping with 


potential usage than the nominal 8% they now 
have (PACTEL say this is really 6.5% because 
of interference, terrain limitations and official 
restrictions). 

Among the consequences of the failure to 
secure a more equitable share are high costs, 
delays, pollution and a poor service to custom- 
ers of the haulage industry, and a lower level of 
safety and security. 

The depressed use of m.r. in the U.K. 
(around 0.5% against 2.7% in the US) is, says 
PACTEL, no help at all to the UK radio indus- 
try, in contrast to the state of affairs in Japan 
and the USA, where a healthy home demand 
acts as a spur to development and production 
and results in efficient systems and lower costs. 

According to the report, five actions must be 
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‘taken now. Another 30-35 MHz of spectrum 


must be released for m.r. use — little enough, 
since this would bring the total to a mere 10% of 
the usable 30MHz-1GHz band. Secondly, the 
Government should take a close look at the 
amount of spectrum inhabited by the military 
and by broadcasters. PACTEL says “there is 
little doubt” that the MoD keeps some of its 
allocations on ice, unused in peacetime, simply 
because they might be needed some day, in spite 
of claims by m.r. lobbyists that, if they were 
released, they could be taken back in emergency 
in a matter of hours or even minutes. In the case 
of broadcasting, the report is critical of the effi- 
ciency with which the spectrum is used and says 
that it could be improved upon without any 
deterioration in service. 

Thirdly, three types of system should, says 
PACTEL, be promoted to give wide-ranging, 
low-cost, flexible and spectrum-efficient ser- 
vices: community repeaters, trunked systems 
and cellular systems. 


In a repeater, a common base station, 
located on high ground, gives a wide cove- 
Tage, many rented mobiles sharing one chan- 
nel: a ‘channel busy’ indicator helps to avoid 
a user hearing messages not meant for him. 
The current position is that not enough 
channels are available for this type of 
system. 

Trunked systems provide a number of 
channels to each user and are therefore fre- 
quency-efficient: the operator uses a multi- 


channel radio which is tuned automatically 
to a free channel. For this purpose, blocks of 
channels are needed — too few are currently 
available for widespread adoption of this 
kind of system. More channels are needed. 
The third type, the cellular system, relies 
on dividing the area into cells, each of which 
is treated as a trunked system. By geograph- 
ically separating cells which use the same 
block of frequencies, interference is avoided 
and the usage of the channel is increased by 
up to 1200%. Blocks of channels are needed 
for trunking. Once again, not enough are 
available (56 instead of a required 300). 

The fourth recommendation is that the Gov- 
ernment actively promote the use of private 
mobile radio instead of restricting it. 

Finally, says the report, the delay of between 
three and six months in the issue of licences 
should be reduced. Otherwise, illegal installa- 
tons will multiply and make spectrum manage- 
ment virtually impossible. 

As John Carlson, chairman of the EEA’s Mo- 
bile Radio Committee, points out, “if even the 
manufacturers of private mobile radio equip- 
ment put forward the difficulties to their cus- 
tomers, the situation must be bad”. And Ray 
Northcott of PACTEL sums up the current 
P.m.r. scene by saying “Other countries have 
taken a conscious decision to encourage p.m.r. 
— the UK hasn’t”. ; : o 
*Available at £3.00 from The Director, The 


` Electronic Engineering Association, Leicester 


House, 8 Leicester Street, London WC2H 7BL. 
39 


80-100 WATT MOSFET 
AUDIO AMPLIFIER 


z . . P . . z ifier 
A three-part article on the design and construction of a modern, high-power ampli 
BoRS with a description of the problems of amplifier design in relation to the F 
characteristics of ‘vertical’ power mosfets. A matching, modular preamplifier design wi 


The problem with designing audio 
amplifiers is that there are a number of 
design requirements which are impossible 
to satisfy completely: such things as 
freedom from harmonic and 
intermodulation distortion; independence, 
in terms of distortion or transient 
response, on the nature of the load 
reactance; freedom from spurious 
(amplifier-generated) signals over the 
‘whole range of signal inputs and likely load 
characteristics; rapid settling time and 
freedom from ‘hang-up’ on step-input or 
overload, particularly under reactive load 
conditions; and complete absence of input- 
signal or load-induced instability. 

Not only are these requirements 
impossible to achieve absolutely, but the 
work needed to improve one of these may 
simultaneously bring about a worsening in 
other respects, so part of the task of the 
designer is to choose, within the 
appropriate limits of cost and complexity, 
between conflicting possibilities and 
requirements. No two designers (or their 
commercial or advertising managers) are 
likely to come to the same balance of 
compromises in these respects, and this 
leads to subtle differences in the tonal 
characteristics of the designs. 

A characteristic of commercial trends in 
the last twenty years, which I view with 
regret, is an overwhelming concentration 
on the attainment of very low harmonic- 
distortion figures over the whole of the 
audible spectrum, to the extent that many 
modern commercial designs attain steady- 
state t.h.d. figures fifty or more times 
better than possible, under any conditions, 
from the signal sources which feed the 
amplifiers. A similar amount of effort is 
expended commercially in achieving very 
high signal-to-noise ratios — which would 
be valuable if it were matched in the 
handling of programme material by the 
programme producers. 

The reason for this commercial interest 
is a simple one. the major emphasis in 
most equipment reviews is placed on t.h.d. 
and s/n ratio, coupled with, in the case of 
power amplifiers, power output in 
watts/pound (sterling) or, occasionally, 
watts/pound (avoirdupois). This trend 
would be wholly praiseworthy if it could 
‘be achievéd without impairment in other 
desirable characteristics of the equipment: 
unfortunately, it cannot. If one wants 
some quality very good, one must accept 

some others relatively bad! If only one 
knew which ones were important to the 
listener, this choice would be easy, but one 
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follow. 


by John L. Linsley Hood 


doesn’t. Quite a lot of work has been done 
in the field of psycho-acoustics to try to 
characterize the effects on the listener of 
specific electrical defects, but this work is 
far from complete and impaired, from the 
point of view of the designer, by the 


‘omission of most of the minor performance 


defects practical amplifier designs are heir 
10. 

Nevertheless, a predictable result of the 
accumulation of experimental findings on 
acoustic effects, coupled with a greater 
awareness on the part of designers of the 
existence of residual performance 
shortcomings, is that there is a keen 
interest in new developments in 
components and circuit techniques, as a 
possible route to improved performance. 

Of these new component developments, 
one of the most interesting, in the field of 
active devices, has been the growing 
availability of rugged, reliable and 
reasonably priced power mosfets (metal- 
oxide-silicon field-effect transistors). 
These devices have a very much better h.f. 
response — almost embarrassingly so — 
than the normal audio power transistor, 
and allow a considerable extra freedom in 
solving h.f. loop-stability problems, where 
some compromise must always be reached 
in a feedback amplifier design between the 
conflicting requirements of gain (or phase) 
margins and the need to retain a high loop 
‘gain at the upper end of the audio 
spectrum to achieve a high degree of 
steady-state linearity. In addition, these 
devices are almost completely free of the 
charge-storage effects found in junction 
transistors, which tend to impair complex- 
signals transfer. 

Unfortunately, power mosfets have 
electrical characteristics and circuit 
requirements which are very different 
from those of the junction power 
transistor, so that they cannot be used as a 
direct replacement for junction transistors 
in existing designs. One must reappraise 
the circuitry. 


Power mosfet 


~ Insulated-gate field-effect transistors, of 


the type shown in outline in Fig. 1(a), and 
which operate by means of a mobile layer 
of charge induced in an otherwise non- 
conducting region of a semiconduttor, 
have been known and used in small-signal 
applications for many years — particularly 
in v.h.f. circuitry, where their very fast 


response times are of great value. 
However, the conducting path in these 
devices is, by the nature of their method of 
construction, parallel to the surface of the 
semiconductor element. It is difficult, 
although some semiconductor 


manufacturers have achieved this in an — 


endeavour to.avoid restricting patents, to 
make this conducting path sufficiently 
short to achieve a low enough resistance 
for larger signal use. 

The technical breakthrough in this type 
of device came about when it was 
appreciated that a ‘V’ or ‘U’ groove etched 
through the junctions ina fairly 
‘conventional transistor gave the possibility 
of an insulated-gate, induced-charge f.e.t., 
in which the current flow would be 
‘vertical. (as in the conventional junction 
transistor) rather than ‘lateral. (in relation 
to the surface of the chip) as in the normal 
insulated-gate component. This gave a 
method of manufacture of ‘mosfets’, as 


D 
s_| 
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Induced charge layer 


Oxide tayer 
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(Sidz) 
oxide layer 


Induced charge layer 


(b) 
Fig. 1. Small-signal, n-channel, insulated- 
gate f.e.t. of ‘lateral’ construction is shown 
at (a), while at (b) is the vertical power 
mosfet, in which the conducting path is a 
great deal shorter. 
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from one device 
to another 


cal 


Power t 4 
mee C Transistor 


Typi 


= 
2 
= 
pa 
= 
=] 
= 


DRAIN CURRENT (A) 


CO ear ae 
GATE VOLTAGE (V) 
Fig. 2. D.c. operating conditions of typical 
power mosfet compared with those of a 
junction power transistor. 


these devices are now almost universally 
known, which was open to any 
manufacturer of epitaxial planar junction 
transistors with the necessary skills in 
mask manufacture to fabricate the large 
number of parallel-connected igfet gates 
on a single chip, which are needed to lower 
the conducting resistance and increase the 
effective mutual conductance (gm). A 
typical construction for such a vertical — 
or power — mosfet is shown in Fig. 1(b), 
though the proliferation of such designs 
within the past few years makes the 
concept of a ‘typical’ construction 
progressively less tenable. However, they 
do all have in common the parallel 
connexion of a large number of elements, 
which makes the mask design more 
complex, and the potential manufacturing 
reject rate and cost relatively high in 
comparison with the larger power junction 
transistors, 

The electrical performance, under d.c. 
conditions, of a power mosfet, is shown in 
Fig. 2, with a superimposed curve from a 
junction power transistor added to the 
graph to draw attention to the differences 
in performance. Two features are 
immediately obvious from this graph — 
that a significantly higher forward voltage 
applied to the gate of the mosfet is 
Necessary to obtain an adequate, and 
adequately linear, operating current, and 
that the mutal conductance of the power 
mosfet (about 2A/V in its linear region) is 
very much lower than that of the bipolar 
junction transistor (which can be in excess 
of 15A/V, or many hundreds of amps/volt 
in the case of Darlington-connected pairs). 

In conventional audio-amplifier design, 
as it has become established over the past 
20 years, the ‘architecture’ normally 
employed in the circuit is a low-power 
voltage amplifier, usually operated in class 
A, with as high an a.c. gain as is 
practicable without the use of an 
inconvenient number of gain stages, 


followed by an impedance-converter stage ` 


— usually a push-pull pair of compound 
emitter followers, forward biassed into AB 
operation, with an operating point chosen 
so that the mutual conductance of the pair 
of emitter followers is close to that which 
will be given by one half, alone, when 
operating in its ‘inear region. Negative 
feedback is then applied from output to 
input to improve the overall linearity and 
other operating characteristics of the 
amplifier. 


WIRELESS WORLD JUNE 1982 


iohistory com 


This configuration gives satisfactory 
bandwidth and linearity, and allows high 
power outputs with low quiescent thermal 
-dissipation. The main drawback in this 
system is that there are invariably some 
low-level residues of crossover distortion, 
which increase in magnitude at higher 
frequencies, as the open-loop gain of the 
class A amplifier decreases — mainly as a 
result of the added h.f. loop-stabilizing 
components. This problem is worsened by 
the loss in loop gain through the output 
‘emitter-following stage, in which the gain 
is always less than unity. 

To a first approximation, the output 
impedance of an emitter follower is I/g,, 
which would give a gain in the output stage 
of Zr/(i/gnt+Z_) at low frequencies. 
However, there is a further loss of gain at 
higher frequencies due to the limitations in 
turn-on and turn-off times of the 
transistors, so it is customary to use two or 
more transistors in a compound 
configuration in each half of the emitter 
follower, partly to sustain a low output 
impedance, and partly to allow the 100% 
negative feedback within the emitter- 
follower group to force improvements in 
the internal h.f. characteristics. 

Inevitably, therefore, a complementary 
pair of output source followers using 
power mosfets, having a maximum gm of 
some 2A/V, will perform less well in terms 


Vee 


P- channe! 
power MOSFET 
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N - channel 
power MOSFET 


(a) 


N-channel 
power MOSFET 
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power MOSFET 


-Vid 


of linearity with a comparable class A 
amplifier stage than a pair of compound 
emitter followers with an effective (overall) 
Em Of, at least, some 100A/V, 

Two solutions are available to this 
problem, of which the first is simply to 
incorporate the power mosfets in a 
compound source-follower circuit, with 
one or two small-signal bipolar transistors 
to increase the internal loop gain and 
reduce the dynamic output resistance and 
non-linearity of this stage. This provides a 
very simple answer to the difficulties 
introduced by the low gm of the power 
mosfet, while allowing full advantage to be 
taken of the advantages of these devices 
(freedom from ‘secondary breakdown’, 
simpler output stage overload protection, 
and much better h.f. characteristics 
leading to lower overall t.h.d. and better 
transient response). I have shown a 
practical audio amplifier circuit using 
mosfets in the output stage configuration 
of Fig. 3(a), in another place!. 

For relatively low-power use, up to say 
50 watts, this type of output stage is 
entirely satisfactory, and gives a good 
performance without calling for 
unconventional circuit design. However, 
there is a practical limitation in higher 
power use in that the forward voltage drop 
in each compound half cannot be less than 
the forward gate voltage (ref. Fig. 2) added 


Fig. 3. To increase the internal loop gain, 
the mosfet can be used with a small-signal 
transistor in compound source-follower, 
which enables low mutual-conductance 
mosfets to be used, while retaining their 
advantages, as in (a). At higher powers, 
larger supply voltages must be used, but 
circuit at (b) shows that only low-current 
drivers need be so supplied. Circuit at (c) is 


extension of approach shown in (b). 
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Fig. 6. Internal protective Zener diode can cause inadvertent thyristor action, in which gate 


loses control. 


to the saturation voltage (V;.)of the driver 
transistor, even though the necessary 
drain-source voltage of the mosfet for this 
output current may be less than this. This 
leads to the need for higher supply-line 
voltages, with a consequent increase in the 
cost of mains transformer and smoothing 
capacitors. . 

In the very simple complementary- 
mosfet output stage of Fig. 3(b), the driver 
stages can be supplied from a higher 
voltage line without so much of a cost 
penalty, since the supply currents required 
by the driver stages are comparatively 
small. 

This advantage can be retained by the 
use of the circuit arrangement of Fig. 3(c), 
while still allowing a very high effective gm 
of the compound emitter follower, and a 
high level of internal negative feedback. 
The problem with this circuit is that it is 
no longer unconditionally stable within its 
internal feedback loop, and h.f. stabilizing 
components such asC, and R, need to be 
added to achieve the desired overall gain 
and phase margins — an elaboration which 
is unnecessary in the simpler arrangement 
-of Fig. 3(a). 

The other solution to the difficulty of 
the lower effective transfer ratio of the 
simple mosfet source follower of Fig. 2;) is 
to increase the gain of the class A amplifier 
stage, and this approach is explored below. 
. Meanwhile, there are some other potential 
pitfalls in the use of power mosfets which 
need consideration if a workable and 
reliable design is to be put together. 


Specific problems with mosfets 

Although the power mosfet is, in its 
normal method of construction, equivalent 
to a bipolar junction transistor with its 
base and emitter joined together, and is 
therefore immune from the problem of 
‘secondary breakdown’ (the funnelling of 
emitter current through diminishing areas 
of the base-emitter junction and 
consequent localized overheating and 
damage) it does suffer from other 
problems which are unique to itself. Of 
these, the first and most immediate is that 
the gate insulation layer, an oxide film 
formed on the surface of the silica, is less 
than 0.0001in (2.5 microns) thick, and will 
break down if the voltage between the gate 
and the source exceeds some 10-20 volts — 
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depending on the device manufacture. 
Since the time delay involved in this 


‘breakdown, which will destroy the device, 


is likely to be very short, the circuit must 
be designed to protect the gate against 
even very brief voltage excursions beyond 
this limit. 

This difficulty can be lessened, in the 
construction of the device, by 
incorporating a Zener diode between 
source and gate, as shown in Fig. 4. 
However, this technique in its turn leads 
to the problem that the device must then 
be protected against a reverse bias — of the 
order of 0.6 volts — which would cause 
this internal Zener to conduct, since this 


„can sometimes lead to the triggering of a 


thyristor-type action within the mosfet, in 
‘which the gate is irrelevant. This may not 
destroy the device, but may damage 
associated circuit elements. The simplest 
form of protection is the use of an external 
germanium diode, connected in parallel 
with the gate/source Zener, and arranged 
to conduct before the internal diode. This 
is not a preferred solution, however, since 
the reverse insulaton resistance of the Ge 
diode is much poorer than the unmodified 
input resistance of the mosfet, and is non- 
linear with voltage. The circuit of Fig. 3(a) 
is immune from this problem. - 

The second difficulty in the use of 
power mosfets arises from the very high 
operating frequencies possible with these 
components. This leads to an effective 
circuit element of the form shown in Fig. 


(b) 


Fig. 5. At high frequencies, stray 
capacitances and inductances, shown at 
(a), turn mosfet into an oscillator, with 
damaging effect. 


5(a), when the user expects the device to 


-behave as in Fig. 5(b)! This causes 


immediate high-frequency oscillation, 
with frequently destructive effects, when 
such mosfets are incorporated into 
apparently sensible circuit configurations, 
and since the resultant burst of oscillation 
probably occurs in the, 200-1000MHz 
range — and is brief anyway — it is 
unlikely that it will be seen on any 
monitoring instrument. The unhappy 
experimenter is then left contemplating a 
defunct device, thinking that its sensitivity 
to static electrification is so great as to 
render it unusable. A 
Happily, the internal gate-source 
capacitance is sufficiently high, typically in 
the range 600-1500pF, that stray static 
charge is unlikely to induce an electrical 
‘breakdown of the gate insulation. This 
internal capacitance, which must not be 
overlooked in circuit design 
considerations, also provides a convenient 
means for taming the h.f. behaviour of the 


transistor, sicne an external ‘gate-stopper’ - 


resistor can then cause a predictable roll- 
off in h.f. response, to bring the unity gain 
transition frequency down to a more 
manageable level. An external resistor in 
the range 470R-4k7 is normally adequate. _ 

Given these precautions, my experience is 
that power mosfets are at least as durable 
as normal bipolar power transistors, and 
allow a substantial improvement in circuit 
performance for a relatively small extra 
cost. 
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DIGITAL FILTER DESIGN 


Will digital filters take over from their analog 


ue counterparts? Accuracy, versatility and 


falling cost suggest they will. This second article on microprocessor implementation 
details a procedure for recursive filter design of Butterworth and Tchebychev response, 
with examples and Basic programs for pole, zero calculation. 


It has long been recognized that because of 
the high sensitivity of the roots of high- 
order polynomials to coefficient values, 
recursive digital filters are best imple- 
mented as cascade or parallel arrangements 
of second-order filter sections. Cascading 
several second-order filter sections as illus- 
trated in Fig. 1(a) is equivalent to re-ex- 
pressing H(z) as the product of second- 
order transfer functions, i.e. 


HA(z)=H(z) . Hz)... Hp(z) 
where each H;(z) is of the form 


1+ay,27! +4272 
Hig) ai tae +a” 
E be lb? 


a) 


This is often referred to as a biquadratic 
transfer function and the circuit by which 
it is implemented a biquadratic section. 
The signal flow diagram of a commonly 
used biquadratic section is shown in Fig. 
1 


The filter design problem is now that of 
deciding how many biquadratic sections 
are required, and calculating the coeffi- 
cients for each of them. There are a variety 
of solutions to this problem, and the proce- 
dures are divided ito two broad groups: 
direct methods in which the poles and 
zeros of the digital filter are computed 
directly in the z-plane, and indirect 
methods which involve the design of an 
analogue prototype filter which is trans- 
formed to give a suitable digital equiva- 
lent. Details of the commonly used indi- 
rect design methods can be found in the 
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by B. M. G. Cheetham 
and P. M. Hughes 


standard texts!. The direct method de- 
tailed here for the design of Butterworth 
and Tchebychev-type digital filters is 


probably the simplest approach; it is non- . 


iterative and does not require the use of a 
large computer. Further details and 
program listings for the more complex 
direct design methods are to be found in 
the standard texts.’ 


Butterworth and 
Tchebychev filters 


Most filtering applications require an am- 
plitude response that allows selected fre- 
quency bands to pass through the filter 
unaltered and eliminates as nearly as pos- 
sible frequency components outside these 
bands. In many applications, particularly 
where a degree of phase distortion is 
acceptable in the passbands, Butterworth 
and Tchebychev-type filters are often 
used, whose responses approximate the 
magnitude-frequency response of an ideal 
filter. The difference between the two 
classes lies in the nature of the approxima- 
tion. In the case of Butterworth-type filt- 
ers, the magnitude of the frequency res- 
ponse is maximally flat over the passband, 
falling by 3 dB at the cut-off frequencies 
and decreasing monotonically in the 
stopbands. The rate of fall-off of gain in 
the stopbands is fixed and determined 
solely by the order of the filter. Tcheby- 
chev-type filters display an equi-ripple 
passband response with specificable ripple 
amplitude 5. The filter gain falls monoto- 
nically in the stopband at a rate depending 
on the passband ripple amplitude: the 
larger the ripple amplitude, the sharper is 
the transition from passband to stopband. 
Tchebychev-type filters generally show an 
increased rate of fall-off of gain over the 
equivalent Butterworth-type filter of the 
same order. Unlike analogue filters, a 
number of alternative methods exist for 
the design of Butterworth and Tchebychev 
digital filters. For a given set of design 
parameters, there will be a number of digi- 
tal filter transfer functions which may be 
classed as Butterworth or Tchebychev 
type. The method presented here, referred 
to as the squared magnitude approach, is 
described in detail by Rader and Gold?, 
and used by Ackroyd’. The poles and 
zeros of the digital filter are deducted 
directly from the squared magnitude of the 
required response with no constraints 
placed on the phase résponse, which may 
therefore be non-linear. Once the pole and 


zero positions have been determined, it is a 
simple matter to calculate the a; and bi 
coefficients for each of the cascaded 
second-order sections. As the design 
procedure simply consists of the evaluation 
of a number of given formulae, it is parti- 
cularly suitable for a programmable calcu- 
lator or microcomputer. The first design 
procedure given is that for a lowpass digi- 
tal filter, which also forms the basis of the 
design methods for highpass, bandpass 
and bandstop filters. 


Lowpass Butterworth filters 
An analogue lowpass filter is an nth-order 


Butterworth type if its response GGO) 
satisfies 


comte- la 
(a) 

where Q signifies angular frequency. This 
formula gives a passband which is 
‘maximally flat, with a gain of OdB at d.c. 
falling to —3dB at the cut-off frequency 


E B i [re 
© 


Fig. 1. Recursive digital filter is realised as a 
cascade of second-order sections with i 
transfer functions H(z), H(z), etc. X(z) and 
Y(z) are the z-transformed input and output 
sequences respectively (a). Biquadratic 
section (b) has input sequence {xn} and _ 


‘output {Yn} with Wy=Xp—biWn-1—b2Wn-2 


so (14-427! +byz72)Wiz)=X(2), 
Also Yn=Wp + 81Wy- 142Wp-2 


so Y(z)=(1+a)27' +ag272)Wiz) 


Sly yest 
= tat Ae —, |X(z), as required. 
1+biz'+Boz 


GAIN (dB) 
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FREQUENCY 
Fig. 2. Amplitude-response of three 
Butterworth-type lowpass digital filters 
with cut-off equal to 0.125 effect of 
increasing the filter order. 


OQ.. A corresponding forumla for digital 
filters which produces a frequency res- 
ponse with similar properties to that of an 
analogue Butterworth filter is 


HO aa y) 


l+ tano, 


where w, is equal to the radian cut-off 
frequency. In place of radian frequency w 
it is often convenient to refer to relative 
frequency f, obtained by dividing w by 2x. 
Hence f is the relative frequency of a sinu- 
soid of frequency F=fx(1/T). Because F 
must be less than 1/2T to satisfy the sam- 
pling theorem, values of f need only be 
considered in the range 0 to 0.5. Fig. 2 
shows the magnitude responses of three 
digital filters specified by equation 2. 
These filters all have a cut-off frequency 
fc=,/2m equal to one-eighth of the sam- 
pling frequency. As the order of the filter, 
n, is increased the more closely its magni- 
tude response approximates the ideal 
lowpass filter characteristic. 

The design of a Butterworth lowpass 
digital filter requires the invention of a 
suitable function H(z) for which the 
substitution z=e gives equation 2. A 
number of such functions of z may be 
found, their derivation being a fairly com- 
plicated mathematical procedure. A suit- 
able transfer function derived by Rader 
and Gold? is found to have poles located at 
Um+jVm in the complex z-plane, where 


Un=(1-tan?af./Dm 
Vm=(2tannfesinð m) Dm 


with Dm=1—2tannf;cosðm+ tan?rnf, 


Gye CA (3) 


and on 


where m=0 1,...(n—1) for a filter of 
even-order n; odd-order Butterworth filt- 
ers may also be specified. Each of the n 
transfer function zeros is located at z=—1. 
-Once the poles and zeros of a recursive 
digital filter have been calculated the next 
stop in the design process is to determine 
the coefficients a, a2, 6; and bz of equa- 
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tion 1 for each cascaded second-order sec- 
tion. For even-order filters, the transfer 
function poles can always be grouped as 
complex conjugate pairs. 

Hence the overall filter transfer function 
H(z) expressed as a product of n/2 second- 


` order (biquadratic) transfer functions is 


n2=1 
H(z)=Ap JŲ x 
m=0 


(1t+27!\1+27}) S 
[1+2 {Umt} V m)l +27 (Um) Vm) 


Expanding the above equation yields the 
required form 


n/2—1 
He)zA JU x 
m= 
142871 +27 (4) 
1—2U m2! +(Um? +V m)? 


L LH(2),1=HOlo-0. (5) 
Ao 


Tchebychev filters 


The squared magnitude of the frequency 
response of a Tchebychev low-pass digital 
filter with cut-off œ is 


IH(e*)P=—+___ © 
1+ev,2| 2 
ran 
2 


where V,(x) denotes the nth-order Tche- 
bychev polynomial function of x and € is‘a 
parameter used to set the pass band ripple 


Example 1 
Design a low pass Butterworth digital filter 
with the specification 


sampling frequency ` 12 kHz 
cut-off frequency 3.2 kHz 
attenuation at 4.0 kHz >20dB i.e. 10 
passband gain 0dB 


From this the relative cut-off frequency is 
f-=3.2/12=0.2667. For the attenuation at 
4kHz to be greater than 10, it follows from 
equation 2 that f 


tsli tan4n/12 \"\-* 
id tan3-2m/12 


satisfy these requirements had n=6. The 


six poles for this filter are 
m Un Vis 
Phy Si —0.0533 0.1313 
1,4 —0.0613 0.4129 
0,5 —0.0831 0.7640 


Substituting these values into equation 4 
gives three biquadratic transfer functions 
in the form of equation 1 with coefficients 
@1; 42, bı and bz as shown below. Scaling: 
factor Ag, calculated by means of equation: 
5, should be set to 0.0401 to give unity 
passband gain. The magnitude and phase 
responses of the filter are shown alongside. - 


The lowest even-order filter which will _ 


PHASE {deg) 


GAIN (dB) 


Amplitude and phase response of — 
sixth-order Butterworth-type lowpass filter 
designed in Example. 


amplitude. Fig. 3 shows the frequency 
response of a typical fourth-order Tcheby- 
chev filter. The magnitude of the pass 
band ripple 6 is related to the parameter € 


by 
| eee 
Ser 


Increasing 6 has the effect of sharpening 
the cut-off region of the filter and increases 
the stop band attenuation, but only at the 
expense of increasing the pass band ripple. 
The transfer function poles of an nth- 
order digital filter whose frequency res- 
ponse satisfies equation 6 are located at 
Um+jVm in the complex z-plane where 


Up={2(1-atannf,cos8,)/Dm}—1 
V..=(2btannf,sin6,/Dm 
with D,,=(1—atannf.cosOm)* 
+b*tan2nf,sin70, - 
for m=0,1,2,.:.n-1 (8) 


and 2a=(Ve~?+1+€71)!" 
=(Ve™?+1+67!) I" 


2b=(Vem24+ 1471)" 
+(VeP+1+e7!) i". 


Om is calculated as for Butterworth filters 
from equation 3 and each of the n transfer 
function zeros is again located at z=—1. 
Once the poles and zeros of the transfer 
function have been calculated, substituting 
for Um and Vm in equation 4 gives the n/2 
biquadratic transfer functions used in the 
realization of the filter. 
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Fig. 3. Amplitude response of a typical 
fourth-order Tchebychev low pass filter 
with cut-off equal to 0.25 and specified 
ripple, ò. 
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Fig. 4. Amplitude and phase 

response of second-order Tchebychev- 
type highpass digital filter designed using 
lowpass to highpass transformation. 


Example 2 

Design a second-order Tchebychev low- 
pass digital filter with f.=14 and a pass- 
band ripple of 0.1 (0.915 dB). 

By equation 7, €=0.4843 and a and b 
and thus calculated to be 0.844 and 1.2834 
respectively. Substituting these values into 

` equations 8 with Om obtained from equa- 
tion 3 for m=0 and 1 shows that the poles 
of the filter lie at 


2=—0.38075+j 0.49030. 
Calculating now the biquadratic transfer 
function for the single section required 
gives 

1-2271+277 


CS at 
(2) Aor 70.76157 140.38547 7 


Substituting 2= 1 into the above shows that 
A, must be set to 0.5367 for unity gain at 
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Example 3 
Design a fourth-order bandpass But- 
terworth type filter with a sampling fre- 
quency of 16 kHz and cut-off frequencies 
of 2 and 4 kHz. 

As the bandpass transformation doubles 
the order of the prototype filter, a second- 
order Butterworth lowpass prototype is 
required with a relative cut-off frequency 
f-=(4—2)/16=0.125. The two poles of the 
prototype filter, calculated from the ex- 
pressions for Um and Vm (eqns 3), lie at 
2=0.4714+j0.3333. The two zeros are at 
z=—1, Substituting for f,=4/j6 and 
fl=2/\6 in equation 9 gives a=0.4142. By 
equation 10 the poles of the bandpass filter 
are calculated to be 

2=0,5262+j0.5885 
2=0.0833+j0.7266. 
The zeros of the prototype filter transform 
to two zeros at s=—1 and two at s=+1. 
Pairing the zeros at z=—]1 with the poles 
at z=0.0883+j0.7266, gives H(z) 


-| 1-227!4272 
1—1.052427!4.0.6232272 


( 12s +27? 
1—0.1665z7!+0.534827? 


The passband gain is set to 0 dB by scaling 
H(z) by a factor of 0.0976. Graph shows 
the magnitude and phase responses of the 
designed filter. 


Highpass, bandpass and 
bandstop filter design 

The design of Butterworth and Tcheby- 
chev filters may be carried out by transfor- 
mations applied to lowpass prototype filt- 
ers obtained by the methods described 
earlier 4. The simplest of the transfor- 
mations is that of low to highpass. A low- 
pass filter with relative cut-off frequency 
fc, is transformed to a high-pass filter with 
relative cut-off frequency 0.5 —f,, by re- 
placing z! with —z" in the filter transfer 
function H(z). 

Applying this transformation to the low- 
pass Tchebychev filter in the previous 
example, we obtain a high-pass Tcheby- 
chev filter with a relative cut-off frequency 
of 1/6. The resulting transfer function H(z) 
is 


—I)57!1 —2 
0.5367( 1=22" +2 


1+0.76152714-0.3854272 


The magnitude and phase responses of this 
filter are shown in Fig. 4. 


Low to band pass 

transformation 

A low pass prototype filter with relative 
cut-off frequency fe is transformed to a 
bandpass filter with lower and upper cut 
off frequencies of fi and fi+/, (=fa) respec- 
tively, by the replacement of z by 


2(Z— 0) 
(az—1) 
in the prototype transfer function, where 
_ cost(f, +f) 4 
ZE ES 9 
S cost(fn,—fD 
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Amplitude and phase response of 
fourth-order Butterworth-type bandpass 
filter designed in Example 


This has the effect of doubling the order of 
the prototype filter, and consequently each 
second-order section in the lowpass filter is 
transformed to a fourth-order transfer 
function in the bandpass filter. It is neces- 
sary therefore to reduce each of these 
fourth-order transfer functions to the pro- 
duct of two-second order sections. The 
transformation may be conveniently ap- 
plied by considering the poles of the proto- 
type each of which produces two poles in 
the resulting bandpass filter. For each pole 
of the prototype filter situated at z=p, say, 
the transformed filter will have poles at 
values of z which satisfy 


22-0) 
(az—1) 


i.e. at z=Yo(1+p)+ fiero)" 


p 


(10) 


‘As p in this equation will normally be a 
complex number, computation of the poles 
of the bandpass filter involves the calcu- 
lation of a complex square root, see appen- 
dix. The 2n poles of the band-pass filter 
may then be determined by. substituting 
each of the n prototype poles into equation 
10. The band-pass poles may then be 
grouped into complex conjugate pairs to 
produce the denominators for each of the n 
biquadratic transfer functions which com- 
prise the overall filter transfer function, 
‘H(z). The zeros of the bandpass filter are 
calculated from the zeros of the prototype 
using the same formulae as were used for 
_the poles. By substituting p=—1 into 
equation 10 the n zeros of the lowpass 
prototype located at z=—1, transform to 
2n zeros in the bandpass filter, n located at 


45 


1@ | CALCULATE BWORTH LP. POLES 
15 DISP "FILTR ORDER" @ INPUT N 
20 DISP "REL. CUT-OFF FREG.?" 
25 INFUT Fi@ [2@=34N“2-1 @ I1=N 
30 OI1SP "POLES OF FILTER” 7. 

35 DISF " REAL IMAG” 
4@ FOR I=11 TO IŻ @ T=2kI+1 

45 T=T/CŻ4NJ XPI @ C1=PI¥F1 

SØ ASTANCC1? È AZ=AXA & B=Z#A 
55 D=1-BkCOS(TI+A2 @ U=<1-A2)3/0 
69 V=BSINCT} -D 

65 DISP USING 70 ; U-¥ 

70 IMAGE 2X%,50.40,5%,3D.40 

75 Y=Vk-1 @ BISP USING 76 ; ULV 
#@ NEXT I 

35 END 


Programs to calculate poles of lowpass 
filters — Butterworth above, Tchebychev 
below — and for lowpass transformation to 
bandpass and bandstop, right. 


1@ | CALCULATE TCHEE LP. POLES 
15 DISP "FILTR ORDER” @ INPUT H 
26 GISP "REL, CUT-OFF FREQ. %" 
25 INPUT Fi@ DISP "RIPPLE ?" 

3@ INPUT RË WH1-Fk @ E=Wee 

35 W=1vE-1 & E=S@RCW> 
: 4A M=1/¢(EXEs+1 È M=5QRCM)+17/E 
45 MI=LGTEM3/N @ M1=10^M1 

50 M2=17M1 @ A=.5k<M1-M2> : 
55 B=.S5S*¢M14+M2> @ Y=N © Z2=3kN~2 
6@ Z=Z-1 @ DISP " FILTER POLES" 
65 DISP " REAL IMAG 
7@ FOR I=Y TO Z @ T=2%I+1 

75. T=T/C2KNOXPI œ CL=PIXF1 

80 W=TANCC1) © H2=WAW 

85 U=1-AxWxCOSCT> 

9@ D=UXU+BeBKW2KSINCT O42 

95 U=2KU-D-1 © V=2kERWKSINCTI7D 
14@ DISP USING 105 5 Uw 

165 IMAGE 2%.S0.4D,5%,50.40 


110 Y=Ve-1 

415 DISP USING 105 ; UY 
120 NEXT I 

125 EMD 


z=1, the other n at z=—1. When the order 
of the prototype filter is even, as is nor- 
mally arranged, the zeros of the bandpass 
filter may be grouped in pairs such that of 
the n second-order sections which com- 
prise the filter, half will have transfer func- 
tion numerators equal to 


1+22!+1 (two zeros at z=—1) 


whilst the remaining half have numerators — 


Aig 
1 — 22!+1 (two zeros at z= +1) 


Example 4 

Design a fourth-order bandstop Tcheby- 
chev filter with a sampling frequency 
of 20 kHz, lower and upper cut-off fre- 
quencies of 1 and 1.2 kHz respectively and 
a passband ripple of 0.1. 

A second-order Tchebychev lowpass 
prototype is required with a relative cut-off 
frequency of 0.49 and a passband ripple 
amplitude of 0.1. The two poles of this 
filter are found to lie at 
g=—0.9681+j0.0482, with the two zeros 
at 2=—1. Using the transformation of 
equation 11 the poles and zeros of the 
band-stop filter are i 


poles zeros 
0.9356+j0.3099  0.9414+j0.3374 
0.9171+j0.3553  0.8414+j0.3374 


The filter transfer function H(z) is thus 
calculated to be 


1-1.8827z~!+27? 
1—1.871227!+0.97142-2 


1-1.882727! +27? 
1-1.83412-1+0.9672277) 


which must be scaled by 0.969 to set the 
d.c. gain to unity. The magnitude and 
phase responses of this filter are shown 
_ alongside. 


14 ! BANDPASS TRANSFORMATION 

15 DISP “PROT. ORDER” @ INPUT N 
2G DISP "LWR CUTOFF" @ INPUT F1 
25 DISP "UPR CUTOFF" @ INPUT F2 
BO F=CRa+Fis#PI & F4=¢F2-F1>¥PI 
25 A=COS¢F-COSCF4) 

46 FOR l=1 TO NY2 ` 

45 DISP “REALCPOLE>" @ INPUT U 
Sø GISP "IMAGCPOLE>" @ INPUT Vi 
55 VEE i @ Pl=1+U 


6£@ R7=AeP1“2 @ TIsAKVI-2 

65 (2=Axv2-2 2 AZ=A*A 

7@ W=Vi @ GOSUB 175 

75 UgsR7+60 & WS=RP-64 

8G V8=I1+51 È V9=11-B1 @ V=VE 
$5 GOSUE 175 


96 U7=R7+BG © US=R7-B66 

95 v7=Iż+61 č Ve=I2-B1 

100 DISP "TRANSFORMEOQ POLES" n 
(ee juste REAL IMAG" 
DISP USING 115 : UB, VŠ 
IMAGE 24;5D.40 .53%,90.40 
GISP USING 115 ; U?V? 

DISP USING 115 ; DEYS 

DISP USING 115 ; U3, VS 

OISP @ DISP “QDORTIC COEFFS" 
Biz-2*kUS @ BE=UBKUS+VSEVS 
145 DISP USING 150 ; B1,B2 - 

154 IMAGE &."61.82".2¢4%,SD.4D) 
155 Bis-ZxUS @ BZ=USKUStVSRYD 
164 DISP USING 156 ; B1-.62 

165 DISP. @ WEXT I 

176 ENG 

175 | CALCULATE ¢1+P>*2 

120 RE=PLRFL-V4EV & J2S2xP 1%) 
185 ! CALCULATE A*ZKC1+P 3424 
198 RG=AZERZ“4 @ JA=A2kI274 

195 ! SUBTRACT P 

200 RI=RØ-U @ J1=1G-V 

205 ! CONVERT TO EULER FORM 
210 R=R1IERI+J1KIL & R=SQRCRD 
#15 T=ATN2¢J1,.R1> 

226 ! TAKE SGUARE ROOT 

225 R=SORCR) Ë T=T72 

23@ ! BACK TŪ CARTESIAN 

235 BA=RXCOS<CT) © B1=RXSINCT? 
244 RETURN 


Sung 


The n biquadratic transfer functions may 
now be completed by pairing each of the 
calculated numerators with a suitable de- 
nominator. As a general rule, the denomi- 
nators of the second-order sections should 
be parried with the numerators in such a 
way that the poles of each section are those 
nearest to the zeros it implements. The 
filter transfer function H(z) is simply the 
product of the n calculated biquadratic 
transfer functions. The passband gain may 
be set to one by the introduction of a scal- 


PHASE (deg) 


» GAIN(dB) 


02 03 
Amplitude and phase response of 
Tchebychev-type bandstop or notch filter 
designed using lowpass to bandstop 
transformation in Example 4. 


16! BANUSTOP TRANSFORMAT LOH 
15 DISP "PROT. ORDER" @ INPUT N 
20 DISP "LWR CUTOFF" œ INFUT F1 
25 DISP "UPR CUTOFF" @ INPUT F2 
3Q F=LF2+F11¥PI @ F4=(F2-F1>*PI 
35 ASCOS(F “COS 4> i 
40 FOR 1=1 TO N72 . 
45 DISP "REALCPOLE>" @ INPUT U 
5@ DISP “LMAGCPOLE2" @ INPUT Y1 
55 Y2e2=V14-1 & F1=1-U 
64 RZ=AŁP1/2 @ I1=A¥41/ 
65 IZ=AXVŽ/2 @ AŽ=AXA 
70 V=v1 @ GOSUB 17% 
75 US=R7+BA @ US=R7-E8 
80 WESI1+B1 È V3=I1-61 
$5 VVZ @ GOSUB 175 
S6 U7=R7+84 & U6=R7-BĀ 
95 v7=I2+B1 @ Vg=I2-61 
149 DISP "TRANSFORMED POLES" _ 
1a5 DISP " REAL IMAG" 
114 DISP ISING 115 ; Us, Vë 
115 IMAGE 2¥.50.40 .5%.S0.40 
126 DISP USING 115 ; U7.WF 
125 DISP USING 115 : U6,VE 
126 DISP USING 115 : U3. ya 
125 DISP @ DISP "SDRTIC COEFFS" 

B1=-24U8 @ BZ=USXUS+VSŁVS 

5 Te Mez 


tr 


B1=-2409 @ B2SUDKUItVIEYS 
DISP USING 150 :;: 81.82 
DISP © NERT I 
ENG 
1 CALCULATE (1-P)*2 
RZ=PL¥P1-VEU @ J2=2xP14U 
! CALCULATE A*2KC1-Po*2"4 
RusAzkRe-4 & J=A2ŁJ274 
! Add F 
Pi=ka+u w J1=Ja-V 
t CONVERT TO EULER FORM 
R=RiXk1+J1ikJ1 & F=SGRER> 
215 T=ATN2¢J1-R1) 
2z E SQUARE FOOT 

fy @ T=T2 
2 LAB TO CARTESIAN 
235 BO=EŁCOSCT) & BLI=RXSINCT? 
240 RETURN 
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of the passband. 


Lowpass to bandstop 
transformation 

A lowpass filter with relative cut-off fre- 
quency fs is transformed to a bandstop 
filter with lower and upper cut-off fre- 
quencies of fı and fh respectively, where 


fe=0.5+fi—fa 


by replacing z in the prototype transfer 
function with 


z(z—a) 
l-az 


where « is defined as for the bandpass 
transformation. Apply the transformation 
to poles and zeros it is readily shown that a 
pole or zero of the prototype located at 
z=p transforms to two poles or zeros of the 
bandstop filter located at 


% 
2z=A(1—p)at [Ha-p?e?-+ 4} (11) 


The procedure for calculating the second- 
order sections of a bandstop filter is similar 
to that for a bandpass filter. In this case, 
however, the zeros are no longer located at 
z=+1 but form complex conjugate pairs 
which must be expanded in the normal 
way to give the numerators of the second- 
order sections. The numerators of all the 
second-order sections will be identical. 


Continued on page 79 
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WIRELESS? 


I have just bought a copy of your magazine, for 
the first time in some years, and after reading it 
with some amusement I have the following com- 
ments to make. 

Firstly, I suggest you rename the magazine 
Computer World (Wireless Computer?, Computer 
Wireless??) — I bought the magazine because I 
want to buy a communications receiver — I 
work with computers and I find it amusing that 
your magazine is now full of computer projects 
rather than the radio projects it used to be. 

Secondly, with respect to Mr B. Reay’s letter 
(April 1982) — I have heard of the RSGB’s 
opposition to c.b., but not experienced it 
directly — I am a c.b. user, but find the RSGB 
has nothing to worry about. Most c.b. users 
would not join the RSGB (they can barely 
operate a ‘rig’ much less pass the RAE). Those 
who are interested in radio (myself included), 
find c.b. very frustrating (2 watts e.r.p. and 200 
users per channel — at least in London) and this 
exposure to radio usually causes strong motiva- 
tion to take (and pass) the RAE, thus escaping 
from the school-children and ‘wallys” (although 
I hear 2 metres is not much better); and thus the 
serious user ends up ås an amateur anyway. I 
have heard that the RSGB has been swamped 
with enquiries since c.b. legalization! 

On “Microchips and Megadeaths” — if all of 
us who work irrelevant fields would refuse to 
work on weapons systems (as I have done), 

there would be no such systems. MÄA 

Finally, what has happened to the glossy 
paper WW used to be printed on? and where can 
I buy a second-hand communications receiver?. 
Hugh J. Davies 
East Barnet 
Herts 


DISC DRIVES 


I refer to Mr Watkinson’s article on disc drives 
in your March issue in which he states that a 16- 
bit computer can only address 32K memory 
locations. It is well known that 16 bits can 
address 64K locations (2!° = 65,536), a feature 
common to most microprocessors. Could Mr 
Watkinson please explain his apparently erro- 
neous mathematics? 

P. C. Major 

Winchester 

Hants. 


The author replies: 

I am grateful to Mr Major for giving me the 
opportunity to explain a problem which has 
been encountered by many familiar with 
microprocessors when faced with more power- 
ful hardware. I am sure, however, that Mr 
Major would agree that such treatment would 
be out of place in a series which is primarily 
devoted to disk drives. 

The definition of a 16 bit machine which I 
find most satisfactory is that it possesses a data 
path of 16 bits in the c.p.u. Neglecting more 
complex machines which employ block fetching 
in conjunction with a cache memory, a 16 bit 
machine will have 16 bit wide memory loca- 
tions. This allows an entire parameter to be 
fetched with one memory cycle. In such 
machines, the smallest entity of interest is still 
the 8 bit byte, of which there are two in each 
location. As one address bit is necessary to 
specify whether the high byte or the low byte is 
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of interest, only 15 bits are left to specify the 
location. 2'5 locations equals 32K as stated. 

The address range of a processor is deter- 
mined by circuitry quite distinct from the data 
paths in both microprocessors and minicomput- 
ers. For example, the 8085 has an 8 bit data 
path, but has the ability to generate 16 bit 
addresses by the time consuming expedient of a 
two-byte program counter which has to be 
loaded a byte at a time. This is simply the result 
of designing for a different price performance 
target. Thus on the one hand we might have a 
minicomputer which obtains two bytes at a time 
from 32K locations, and on the other hand a 
microprocessor which obtains one byte at a time 
from 64K locations. The number of available 
bytes is the same in each case, but all other 
things being equal, the minicomputer will be 
about twice as fast. 

For further reading on the subject I would 
recommend the Intel 8085 Manual and the PDP 
11/04 Processor Handbook. : 


BLUMLEIN BIOGRAPHY 

The September 1973 issue of Wireless World 
carried a letter from Rex Baldock which con- 
tained the following paragraph: 


“The full story of Alan Blumlein’s contribution 
to technical history will appear in the forthcom- 
ing biography by Mr F. P. Thomson, written in 
conjunction with Simon Blumlein, and anyone 
with information likely to be of value should 
write to Mr Thomson at 39 Church Road, Wat- 
ford WD1 3PY Herts, England.” 


On the Ist June 1977, a GLC plaque to Blum- 
lein was unveiled and Mr F. P, Thomson gave a 
speech in which he said he had been “persuaded 
to write a biography” on Blumlein. I, for one, 
reported the prospect of a Blumlein biograophy 
in print (e.g. Hi Fi News, August, 1977) and in 
February 1982 wrote to Mr Thomson querying 
progress on his biography. In reply I have re- 
ceived letters which tell me that I am “‘imperti- 
nent” and my own articles on Blumlein are 
“inaccurate”, but offer no information on a 
publication date of the mooted biography. 

I would be interested to hear from anyone 
who answered the call for biographical informa- 
tion nearly ten years ago, and is now concerned. 
My address is Garden Flat, 5 Denning Road, 
London NW3 IST. 

Barry Fox 
Hampstead 
London NW3 


MICROCHIPS AND 
MEGADEATHS 


Steve Coleman (April letters), has taken too 
literally my plea for refusal to fight. This was 
intended to apply to opposition in its widest 
sense, both militarily and industrially, now and 
in the future. 

Electronic engineers in the UK, the USA and 
USSR are in ideal positions to frustrate the arms 
race. Also well placed are their supporting 
teams, without whose help they cannot operate. 
This applies to those who type, drive lorries and 
serve in canteens. When the Americans say “tell 
that to the Russians”, I have little doubt that the 
Russians say “tell that to the Americans”. The 
decisions of Nuremberg tell us that obedience'to 


‘orders from higher authority is no defence 
against charges of immoral acts. 

The records of both super-powers are appal- 
ling, and give us no justification for an alliance 
with either power. Balance the massacre of Ka- 
tyn against that of Mi Lai. Balance Afghanistan 
against Vietnam. Balance the rapes of the Baltic 
states and Central Europe against the many 
American invasions of South America, the de- 
stabilization of its emerging democracies and the 
military support of regimes as foul as that of 
Hitler. It was the US which dropped two atomic: 
bombs on Japan when the latter was on the 
verge of surrender. The US has come close to 
using atomic weapons several times since then. 

How can we depend upon British political 
parties? The government of Anthony Eden 
handed Russian prisoners over to Stalin and 
almost certain death, and later ordered the inva- 
sion of Suez. The government of Clement Attlee 
agreed to the use of atomic bombs on Japan. 
The Wilson government supported the US over 
Vietnam. The answer is that individuals must 
act according to their own consciences, or like 
lemmings we will follow each other into 
oblivion. 

By the laws of chance, if weaponry be re- 
tained at its present level, sooner or later, by 
virtue of a technical fault or the action of a 
person of deranged mind, disaster must follow. 

Yes, Steve Coleman, let us extend our scien- 
tific interest in technology into a scientific 
analysis of society. 

R. Whitehead 
Sutton 
Surrey 


POOR DEAL FOR 
AMATEUR RADIO. 


I was very interested in the letter from B. Reay 
in your April issue. My copy was available be- 
fore the Ist of the month, otherwise I might 
have thought that this was a special “All Fools” 
feature. 

May I first of all make it quite clear that, as 
many of your readers will know from my call- 
sign, although I am employed by the RSGB I 
am not privy to any matters of policy and I do 
not even work at the Society’s premises. These 


- comments are therefore made purely from the 


standpoint of an ordinary member of forty years 
standing and a reasonably active transmitting 
amateur since 1948. 

Everyone will regret that your correspondent 
receives no replies to his letters, and it is up to 
him to take this matter up with the appropriate 
representatives and committee members. On 
the other hand however, nobody is obliged to 
reply to unsolicited communications which con- 
tain nothing but unconstructive criticisms and/ 
or impossible demands, particularly from indi- 
viduals claming to speak for many others. 

Dealing with Mr Reay’s points in roughly the 
same order as in his letter, first of all I do not 
agree that the RSGB have been anti-c.b. I have 
no feelings either way in this matter, but it 
seems to me that the Society dealt with the 
matter very fairly, even issuing a list so that the 
uninitiated could be told the essential dif- 
ferences between the two Services. 

With regard to the 70 MHz band, this is of 
course not an international allocation but is 
made available on a “grace and favour” basis 
subject to the requirements of the priority users 
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of the band. Incidentally, Mr Reay, either by 
accident or design, makes no mention of the 
new u.h.f. allocations made available, together 
with the three new h.f. bands, at the 1979 
WARC as a result of much hard work done by 
national societies, including the RSGB. So far 
one h.f. band has been allocated to UK ama- 
teurs, with the remainder to follow. It is also 
worth remembering that, despite the weight of 
ARRL, amateurs in the USA do not yet have 
any of these facilities. 

With regard to-the abuse of the London re- 
peaters, this is often referred to in “Radio Com- 
munication”, and to close the repeaters down 
would be about as logical as terminating the 
telephone system because some people “fiddle” 
coin-boxes or make obscene calls. As for 
persuading the Home Office to catch the offend- 
ers, this suggestion fails to appreciate the 
finance and manpower position in which the 
authorities find themselves at present, not to 
mention the limitations of the Wireless Telegra- 
phy Act in its present form. 

Concerning the RAE, I agree that this to 
many people seems to be more a lottery than an 
examination, this being all part of the general 
lowering of standards. However, Mr Reay has 
presumably joined in the joke and obtained his 
callsign. If the “B” licence (introduced at the 
insistence of RSGB, by the way) does not give 
him sufficient scope, he only has to pass the 
Morse test to obtain extended facilities and, by 
his operating, help to stem the undeniable de- 
cline in amateur radio. 

With regard to amateur radio being a techni- 
cal hobby, not many people build or repair their 
equipment these days, and why on earth should - 
they, unless they are so inclined? None of my 
licences, not even the old “Experimental” one, 
has made any reference as to who makes my 
equipment; why is it, therefore, that from time 
to time those who are presumably still living in 
the times when it was not possible to buy ready- 
made gear, raise this old red herring. The acid 
‘test always used to be the quality of one’s signals 
and the manner in which the station was 
operated. No-one expects Keegan to tan a piece 
of leather for his boots or Boycott to turn his bat 
on the lathe! 

Finally, therefore, I would submit that as a 
result of having a strong and vigilant society the 
British amateur, far from being given a raw 
deal, can look to the future with confidence. An 
example of this is the prompt action taken after 
the recent Home Office gaffe over the licence 
schedule. 

If Mr Reay, and any who think like him, 
would only stop and reflect, they may yet see 
the wood through the trees. 

E. G. Allen, G3DRN 
London SW20 


As an RSGB member, the letter from B. Reay in 
the April edition was very interesting to me, and 
I agree with many of the points raised. It is sad 
that the growing numbers of concerned and 
disenchanted members have to air their views in 
a companion journal, as the Society claiming to 
represent all radio amateurs is totally out of 
touch with, and does not appear to want to 
listen to, its membership. 

The current licensing fiasco show the 
Society is not in touch with the Home Office 
either, admitting in March Radio Communica- 
tion “The first the Societv knew about the publi- 
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cation of the Gazette notice was when a Member 
telephoned . . .”. At £229, I don’t subscribe to 
the Gazette, but surely with an income of 
around £700,000 the Society should. It seems 
the member who kindly telephoned was lucky 
to get an answer — it’s difficult to hear the 
’phone with your head in the sand! 

When tuning. across the bands you often hear 
someone complaining about the RSGB — not 
another band plan — yet more repeaters to be 
introduced — the list is endless, so I won’t 
compile yet another one here. I'll simply say to 
the “Old Boys” at the RSGB, listen to the disen- 
chanted membership, and get a much-needed 
decent deal for the radio amateurs you claim to 
represent. : 

Peter Thurlow, G8SUH 
Dagenham 
Essex 


DATA STORAGE 


In reply to the letter by B. Savage on the subject 
of “An economical Z-80 development system” 
(Wireless World, April 1982), I must say, I find 
his comments somewhat irrelevant. Although I 
agree with him on the availability and advan- 
tages of fast, reliable serial data transfer facili- 
ties, for bulk storage on cassette or for long 
distance communication, the article describes a 
technique which allows the two otherwise 
separate microcomputers to become integral 
components in a much more powerful, versatile 
and self-contained development system. Using 
this philosophy the interconnecting wires which 
Mr Savage refers to present absolutely no 
hardship. 

Parallel data transfer generally requires no 
error checking, communication medium band- 
width presents no problem, transfer speed is 


_ optimized, more flexibility is possible in the 


software ‘management’ package and as an added 
bonus, the tape interface remains available on 
both systems for bulk storage. 

On the subject of efficiency, it may be noted 
that two-way handshaking is involved. This was 
a deliberate policy to ensure universal compati- 
bility with ‘host computers’ of widely varying 


operating speeds and with their own special data - 


transfer facilities. Transfer speed may be im- 
proved by utilising the interrupt facilities of 
both computers but for absolute maximum effi- 
ciency, DMA must be used. 

G. Winstanley 

Bio-medical Eng. Unit 

N. Staffordshire Polytechnic 


AMATEURS 
AND C.B. 


I see from recent reports that the number of 
applicants for amateur radio licences is continu- 
ing at a high level. I listen to the anarchy that 
prevails on the h.f. bands at present I wonder 
why anyone bothers to go to all the expense and 
effort of passing the requisite examinations. 
Quite often there seems to be more DX activity 
going on around 11 metres by illegal c.b. 
operators than in the 10 metre Amateur band. 
One can often hear these operators describing 
their 250 watt rigs over the air and exchanging 
names and addresses for QSL cards, indicating 
that they consider the chances of being prose- 
cuted to be negligible. 


It is when you start talking to the engineers of 
British Telecom who operate the detection ser- 
vice for illegal transmissions on behalf of the 
Home Office that the magnitude of the problem 
becomes apparent. Until a few years ago com- 
plaints came in from the public about interfer- 
ence on radio or television at such a rate that ina 
typical telephone area about 100 were waiting to 
be investigated at any time. During the past 
couple of years so many complaints have been 
received that the backlog in many areas has 
risen into the thousands, completely over- 
Wwhelming the small detection teams that the 
Home Office is prepared to pay for. In fact, one 
engineer told me sadly that if you confined your 
illegal transmissions to the bands between 1.6 
and 30 MHz and minimized the interference 
you caused to tv or the broadcast bands your 
chances of being caught were practically nil. 

By all accounts, the Home Office has little 
interest in the problem and hopes that it will 
just go away. An example of its attitude to radio 
matters can be seen in the recent modification to 
Amateur licensing conditions announced in the 
London Gazette. Here we had a government 
ministry modifying the law of the land by a 
decree which was so incompetently drafted and 
carelessly checked that even to the most casual 
reader several mistakes were immediately 
apparent. Obviously, these matters are of so 
little concern to the Home Office that they can 
be dealt with by the office junior. 

I suppose the policing of the radio waves must 
be a very dull job. But unless the Home Office 
gets a grip on the problem in the next few 
months it might just as well give up, abandon 
the licensing of radio transmitters altogether 
and open the whole radio spectrum to all 
comers. Personally, I am not sure that it hasn’t 
started along that path already. 

In the event of your using this letter, I would 
be grateful if you would not publish my address 
as many of us have found to our costs that 
critiscism of any aspect of c.b. activity usually 
leads to harassment. 

C. G. Howard 
Oxfordshire 


ALIEN INTELLIGENCE 


In your March, 1982 editorial you speak of the 


lack of response to the Japanese challenge. If | 


your thinking is prevalent in Britain then I can 
explain why. After all, if Britain were to make a 
large effort to develop 5th generation computers 
as the Japanese have announced they will, then 
it would be “evidently out to destroy all of 
Western industry’. and so, being a decent 
nation, it doesn’t! 

Please, no more racist remarks in Wireless 
World! 
Erich Unteregelsbacher 
Kingston 
Ontario 
Canada 


SELF-HELP TELEVISION 


V. Lewis reported in your February issue that a 
licence had not yet been issued for the Red- 
brook active-deflector system (Self-Help Televi- 
sion, p.71). In fact, the licence was issued on 
September 14, 1981. 

M. S. D. Granatt, 

Home Office. 
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HIGH-LOSS POWER 
SUPPLY? 


The low-loss power supply shown on page 42 of 
your February issue is potentially lethal! It is 
essential that the voltage rating of R; is not 
exceeded, as a failure could put mains voltage 
on the +12V terminal, having blown up the 
470|yF capacitor. This usually means that R; 
should be at least two resistors in series. Exper- 
ience shows that carbon-composition resistors 
fail to any value — high or low. Carbon, metal- 
film and metal-oxide resistors almost always fail 
to a higher value, so should be used in this 
circuit. 

Any mains-supplied circuit should have an 
appropriate fuse in the live line. A zener clamp 
(say 22V0) across the 0-12V output would be an 
additional safety factor. It should be hefty 
enough to carry sufficient current to blow the 
fuse in the case of other components failing (1.7 
times rated current of the fuse). 

Direct connextion of low-voltage equipment 
to the mains is always potentially dangerous and 
is best avoided. 

R. Jenkins 
Cheltenham, 
Gloucestershire 


COST-EFFECTIVE 
IGNITION 


It is unfortunate that you have published 
another constructional article — Cooper’s arti- 
cle on an electronic ignition system, March, 
1982, p4 — which falls into the common trap of 
using device characteristics that are not 
specified by the manufacturer. 

The devices in question are the 1N4000 
series. These are low-frequency rectifiers, and 
the JEDEC specification to which their numer- 
ous manufacturers conform contains no in- 
formation about their use at at high frequencies. 
While the devices used by Mr Cooper were: 
evidently adequate, devices from another batch 
or from another manufacturer could be com- 
pletely unusable at 15kHz. There is no shortage 
of devices designed and characterized for use at 
tv line frequency; for example, the 1N4933 
would replace the 1N4001. If a 600V rating is 
considered sufficient for the s.c.r., Dz and D3 
could be the BY299, an 800V, 2A fast device. 

R. E. Pickvance à 
ITT Semiconductors 

Foots Cray 

Kent. 


The author replies: 

Mr Pickvance is quite wrong to say the article 
“falls into a trap”, because I went to some 
lengths in the article to show why I used the 
1N4000 series diodes and also included a graph 
to show their limitation, with the advice to use 
high-frequency diodes beyond 15kHz. Perhaps 
he hasn’t read this part of the article? 

Most of the reputable manufacturers 
(Motorola for instance) actually provide in- 
formation on the frequency characteristics of 
the 1N4000 series although it isn’t, strictly 
speaking part of the JEDEC specification. One 
firm devotes a whole nage of its data sheet to 
this aspect (see enclosed photostat), so they 
clearly acknowledge that this diode is used at 
higher frequencies. 

The main reason why I chose this diode is 
because it is readily available to the constructor. 
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Although high-frequency diodes appear in 
manufacturers’ catalogues, they are not available 
from suppliers such as Electrovalue, Maplin, 
Marshall’s, or Semiconductor Supplies. No- 
where in these firms’ catalogues are the 1N4933 
or BY299 diodes to be found. To reinforce this 
point, I rang ITT’s own main stockists, VSI (tel 
0279-29666) and Nobel (tel 01-309-0500) and 
asked them to quote for the 1N4933 and BY299. 
Neither firm had any stocks of the 1N4933 or 
intended to stock it, and would not even quote a 
price. Neither firm had any stocks of the 
BY299, but Nobel did at least quote a delivery 
(6 to 8 weeks!) and a price of 17p. This latter 
firm, when they found out the application of the 
diode, went so far as to recommend the 1N4000 
series as a substitute! 


However, all the suppliers mentioned sell the l 


1N4000 series, and at a moderate cost, too — 
about 50p will buy all five diodes used in this 
circuit; and this brings me to my third point. 

If the circuit were designed around 
specialized components instead of general-pur- 
pose components, the price would go through 
the roof, and the whole essence of this particular 
electronic ignition was that it could be paid for 
out of the savings on one year’s motoring. If I 
uprated the diodes it would make even better 
sense to substitute the TIP3055 switching tran- 
sistor, improve the transformer windings, select 
a military-grade capacitor for C} and specify a 
high-grade thyristor. This I would like to do, 
but there would be very little economic sense in 
it; it would no longer be cost-effective. 

Finally, I suggest that Mr Pickvance reads 
Wireless World Letters to the Editor for Oct 
1975 p.465, and June 1975 p.265 — and indeed 
anyone intent on criticism, before they put pen 
to company notepaper, would do well to read 
these letters. 


HEATING-FUEL SAVER 


Mr Ryder’s central heating fuel saver is pretty 
obviously going to be cost effective but it does 
seem to be amenable a further cost-effective 
modification. This is to add a further thermistor 
to measure the indoor temperature and hence 
the temperature difference between inside and 
out which will better reflect the time needed to 


_ reach the desired temperature. 


As it stands there is a distinct and obvious 

weakness in using the device with the popular 
time clocks providing a gap during the day, long 
for those at work and shorter for those staying at 
home. The lowest outdoor temperatures are al- 
most always reached at night and the house has 
far longer to cool down, whilst during the day it 
is possible to have quite large solar gains to 
further diminish indoor temperature reduction. 
Therefore it obviously makes sense to respond 
to both temperatures. 
What may be less obvious is that a linear type 
response is not really needed In cold weather the 
heating system loses more heat to the outside 
and thus take longer to warm inside, (in the 
extreme it cannot even reach the desired indoor 
temperature). If, as seems reasonable, non 
linearity can be a virtue it does seem feasible to 
replace R,, the fixed resistor, with a combina- 
tion of a thermistor and resistance. the actual 
choice of values may be made empirically if one 
has a fairly good idea of the characteristics of 
one’s own heating system performance. _ 

An allied device would be a “time extender” 
when switching off. The “off time would be 
chosen to suit a warm day and the actual close- 
down would be later according to the tempera- 


pS 


ture outside. One can usually tolerate a few 
degrees drop but this is a matter very much of 
personal feelings, and keenness to save fuel. 
‘With cast iron boilers and systems having a 
large water content there is also hot water left 
after the boiler stops which can be used if the 
pump is allowed to run longer. Thus two “time 
extenders” can be of value — one to let the 
boiler run longer in cold weather and the other a 
simple fixed “extender” to give about half an 
hour extra for the pump. 

Having suggested that two thermistors are 
needed to measure the temperature difference it 
might be worth experimenting, when the time 
clock has no OFF period during the day, with a 
thermistor mounted indoors but near to a 


“window so that it is exposed both to the outside 


and room temepratures. Quite obviously such a 
thermistor must not be exposed to the sun. but 
the author’s choice of a north facing window is 
unduly restrictive. 

As probably 99% of domestic heating systems 
are just thrown together rather than designed to 
suit the actual house and the needs of its occu- 
pants, it is fairly safe to say that great precision 
in timing the heating will be uncalled for. The 
occupants will already suffer from wrongly sized 
or placed radiators and many other problems, so 
errors in timing of + 15 minutes are unlikely to 
be noticed in terms of comfort. 

L. Streatfield 
Poole 
Dorset 


The author replies: 

I am obliged to Mr Streatfield for his con- 
structive remarks. If the thermometer facility is 
not required, then certainly an indoor thermis- 
tor could partly replace resistor R,; or it might 
be used to modulate the 555 period, via pin 5. 
With a divide-by-two circuit (such as that of p. 
66 W.W. Nov. 79) the a.m. and p.m. signals 
from the time-clock could be distinguished, and 
the operation modified to suit, for example by 
switching the 555 timing resistor. The diffi- 
culties lie not so much in meeting a particular 
set of requirements, as in defining the require- 
ments, in the first place. 


CARTRIDGE | 
ALIGNMENT 


When dealing with tone-arm geometry the ten- 
dency is to picture things as they are seen on the 
turntable and to always include the arc des- 
cribed by the stylus. If instead the stylus/car- 
tridge assembly is imagined to be fixed and the 
turntable spindle itself moving about the arm 
pivot, the relative positions of stylus, spindle 
and pivot are as before but the facts are more 
clearly illustrated. More importantly, new facts 
reveal themselves. 

Starting from a point representing the stylus, 
a perpendicular line — a datum line — from 
which tracking errors may be determined is 
drawn. Along this line the two zero tracking 
radii are marked. Through these points an arc 
with radius equal to the spindle-to-pivot 
distance is described from a point which, of 
course, represents the pivot. Any important 


‘platter radius may now be marked on the arc 


directly from the stylus point. 

The diagram here is drawn considerably out 
of scale to avoid crowding. For the same reason 
lines have been omitted: in an endeavour to 
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LETTERS 


avoid confusion, points are symbolized by some 
- letters not customarily employed. 


Position of spindle when stylus is on: 
outermost groove, 
innermost, 
intermediate radius of high error, 
any radius (A B etc) included, 
inner zero tracking radius 
outer zero tracking radius 


av FOP 


D, spindle to pivot dist. (arc radius) 
L, stylus to pivot 
O, offset angle 
L-D=ovethang= VD*?+pq~D 
x, angle at R. 
2472_p2 R2 
sink +L*-D__R +Pq 


IER. ER 
When this is applied to p, 
__P +Pg_ptq_., 
2L 2L 


‘Similarly with g. ((p+g)/2L=sin O is clear 
~ from the diagram). When applied to C, 


i _C’+pq 
sin=TTC 


Now Vpq=C therefore pq=C’ and 


2 2 
C +pa_ 2C C eG! 


To clarify this, it can be seen from the dia- 
gram that C?=L?—D}. Now if we join point q to 
the pivot point, a triangle is completed one side 
of which is common to another triangle whose 
hypotenuse is L, because of this 


therefore 


2 2 
2_ m-et (2P 
r-o) (7f) 2 


(Quickly proved by substituting figures for p 
and q.) 

It is useful to note that while the magnitude of 
the tracking errors (difference between x and O) 
depends on the values of D and L, their propor- 


tions depend on the zero tracking radii. When p 
and gq are 66 and 121, for instance, the errors at 
A and B are 1.7 and 0.7 of that found at C. 
When p and q are 49 and 110, at A the error is 
double that found at C, while at B it is two 
thirds. If a diagram is drawn to scale showing 
only the arc, datum line and points A, B and C 
joined by straight lines to the stylus point, 
tracking errors might be measured directly with 
a protractor. R. J. Gilson’s factors would place 
B on the other side of the datum line. 

It follows from the foregoing that p+q= 
sinO2L. This facilitates the process of cal- 
culating the zero tracking radii in a case such as 
that dealt with in Gilson’s final paragraphs page 
64, Wireless World Oct. 1981. After finding O 
with his formula 4(b), find p+q from this equa- 


. tion. Then p and q can be found from 
pqip=(p+q)—p. There seems to be quite a bit of 


latitude for rounding off the results while ensur- 
ing negligible changes in the values of L, the 
intermediate radius and all angles. 

P. E. Cryer, 

Thornlie, 

Western Australia. 


THE NEW 
ELECTRONICS 


I have every sympathy with Hugh Jacques arti- 
cle in your January issue — and I certainly do 
not find low standards in Germany an excuse for 
our own low standards, as C. Wehner’s letter in 
the April issue seems to imply (in part at least). 

I am now a secondary school teacher of phy- 
sics and have been appalled at the philosophies 
built into education; standards here are defini- 
tely falling — but a whole re-shuffle of aims and 
objectives and a change in examination sylla- 
buses and in the exams themselves all combine 
to camouflage the drop in standard. I have often 
wondered when this fall in standard was going 
to affect university standards and higher up. Mr 
Jacques article confirms my fears. 

What with a philosophy that views the child 
in terms of its needs instead of in terms of its 
responsibility and society’s expectations from it 
= there has developed the sort of approach 
which has the following characteristics: 

1) educationally — the child considered in terms 
of its needs must be given automatic promotions 
to prevent any sense of inferiority, frustration or 
maladjustment; 

2) socially — the same child must be guaranteed 
cradle-to-grave security lest a trauma be pro- 
duced; 

3) the cure for failure to learn is to devaluate 
learning and the cure for social failure is to 
devaluate success. ; 

I trust this will give food for thought for 
concerned parents and then, perhaps, lead them 
to action. 

S. Georgeoura 
Ardgay 
Ross-shire 


WOODPECKER 


Mr Martinez’ letter, (April), gives an interesting 
and quite possibly correct explanation of the 
Russian “Woodpecker” transmissions. There 
are onie of two points arising frotn his letter. | 
The suggestion that the code auto-cortela- 


. tion, *i.e. the “compressed” radar signals, 


would have virtually rio sidelobes may be à little 
optimistic. One might expect, in a practical 
system, that the peak sigtial sidelobes would not 


be more than about 25 dB at best below the 
main lobe. One would also have to examine the 
ambiguity furictions of these signals to deter- 
mine their properties in the range-Doppler do- 
main where their sidelobe performance might 
be rather different if the radar were used to 
detect high-velocity incoming targets. 

Another point arises from the statement that 
the compressed signal would have “31 times the 
amplitude . . .” etc. The equalizer, (i.e. the 
matched filter), would theoretically conserve 
signal energy and its peak output would have 31 
times the peak power of the uncompressed sig- 
nal, not 31 times its amplitude. 

Finally the statement about the radar having 
31 times the “sensitivity” of a 100ps radar of the 
same power, should be interpreted with cau- 
tion. Two radars of differing pulse durations 
but of the same mean power, and having 
properly matched filters in the receivers, would 
have the same “sensitivity”. Their difference in 


the present context would, as Mr Martinez ` 


states, lie in their resolution capability. Pulse 


compression, as such, does not introduce some ` 


mysterious improvement in system sensitivity; 
with matched filter receivers, whatever the 
transmitted pulse duration, the “sensitivity” 
remains a function of the ratio of the received 
signal energy to noise power spectral density. ; 
* (strictly the cross-correlation function of the 
transmitted signal with that received, taking 
account also of any “weighting” which might be 
used to improve signal sidelobe levels, albeit at 
some expense to resolution.) 

M. G. T. Hewlett 

Midhurst 

West Sussex 


THE FUNCTION OF 
FUNCTIONS 


I was interested to read Thomas Roddam’s re- 
marks (Wireless World, December, 1981. p. 37) 
concerning the notion that used to be fairly 
prevalent, that denies the existence of sidebands 
in amplitude modulation. After all, with “pure” 
amplitude modulation the number of cycles per 
second of the wave remains constant whether it 
be modulated or not, doesn’t it? Be it said that 
the idea is not entirely dead even yet; there are 
still people to be found who hanker after it. And 
it may be said that they are in tolerably good 
company, too, as anybody may see for them- 
selves by consulting the files of Nature for 1930 
(pp.92-3, 198-9, 271-3, 306-7, 726-7) in which 
Sir Ambrose Fleming, no less, categorically de- 
nies the existence of sidebands, declaring on the 
contrary that they are but a mathematical fic- 
tion, and stubbornly refusing to accept correc- 
tion from his colleagues. 

The curious thing about it all is that the side- 
band-deniets have never had any difficulty in 
accepting that a baseband signal occupies finite 
spectrum space; not realising, of course, that a 
baseband signal is but two (superimposed) side- 
bands, “centred” on zero frequency. A simple 
thought-experiment: displace the caftier fre- 
quency progressively upscale from zero atid ob- 
servé the two sidebands separating out. 


And consider, furthermore, that proper ze-, 


construction of a baseband signal to (say) audi- 
ble form requires re-insettion of the zero-fre- 
quency caitier, e.g. in the polarizing firld of a 
loudspeaker or telephone receiver. 

D. Č. Sutherland 

Wanganui 

New Zealand 
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MICRO-CONTROLLED 
RADIO-CODE CLOCK | 


Several standard-frequency transmissions throughout the world provide time and date 
information controlled by caesium atomic clocks, with potential for automatic time and 
date information at reasonable cost. This design offers a compromise between 
economy and complexity suitable for both non-critical professional applications and 


The 60kHz standard-frequency transmis- 
sion from Rugby MSF now includes fast 
and slow time codes, both of which pro- 
vide full time and date information once 
every second. The signal is transmitted 24 
hours every day except for a maintenance 
period on the first Tuesday of each month. 
The transmitter power is 50kW e.r.p. 
which, with the long wavelength, provides 
propagation over a range of several 
hundred miles. With careful circuit de- 
sign, useable reception can be achieved 
throughout Britain, but because there is a 
skywave and groundwave component, cer- 
tain areas can experience cancellation or 
addition where mixing takes place. This 
problem is complicated because the areas 
of mixing change from daytime to 
nightime as the ionosphere changes. 


Fig. 1. Slow-code format from Rugby MSF. 
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Fig. 2. Hardware block diagram. 
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domestic use. 


by N. E. Sand 


Successful reception has been achieved 
with specialized equipment at over 3,000 
km from the transmitter, but with simpler 
designs 750 km is a more realistic range. 
This design uses the slow code, which 
for most applications provides better re- 
sults and requires less critical timing. The 
slow code format shown in Fig. 1 extends 
from second 17 to second 59 each minute. 


A logic zero is represented by a carrier 


break of 100ms and a 1 is represented by a 
break of 200ms. Other information, such 
as parity bits, is represented by a carrier 
break of 100ms displaced by 200ms from 
the start of the second. To synchronize 
with the serial code it is necessary to 
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recognize the start of each minute, so an 

identifier sequence from second 52 to 59 is 

provided. 

The most important part of the design, 
as shown in Fig. 2, is the receiver which 
must be capable of producing a consistent 
output in the presence of noise. Unfortun- 
ately there are several common sources of 
interference at 60kHz, for example the 
harmonics from the line output transfor- 
mer .of colour television receivers are 
powerful sources of interference for v.l.f. 
transmissions, as well as fluorescent tube 
fittings and even hand-held calculators. 
Carefully designed t.r.f. and phase-locked 
loop receivers can work satisfactorily at 
moderate gains, but commonly suffer from 
self pick up which limits their sensitivity. 
In the case of the p.1.1., radiation from the 
v.c.o. will generally weaken the signals. 
For best results a low-current superhetero- 
dyne receiver should be used, but it is 
costly and difficult to adjust for optimum 
noise performance at v.l.f. 

_ An alternative receiver which is much 
simpler and with careful design can 
produce acceptable results is shown in Fig. 
3. The input stage uses a cascode circuit 
which enables the antenna coil to be 
directly connected without a transformer 
winding and gives good stability at high 
gain by minimizing Miller feedback. A 
multiplier* is used for low-level detection 
of the 60kHz carrier, a technique which 
avoids high levels of 60kHz and therefore 
enhances receiver stability. The multiplier 
generates a double frequency component 
and a differential voltage proportional to 
the carrier level at the two load resistors. 
The double frequency output is ignored 
by the following amplifier stage which pro- 
duces the demodulation carrier. To 
minimize - power requirement, operating 
current in each arm of the multiplier is set 
to 50HA. To avoid drift at the multiplier 
output the potentiometer should be a 
ten-turn cermet type arid the two load re- 
sistors metal film, 

_ To optimize receiver performance for all 
signal levels at the antenna a normal gain- 
control loop to the cascode stage would 
provide satisfactory results, However, a 
better method is to gate the a.g.c. loop 
because the 60kHz carrier is 100% mod- 
ulated and will cause errors in a conven- 
tional loop. In this design an undelayed 
signal from the output of IC, switches the 


* Self-setting time code clock, by N. C. Helsby, 
Wireless World, August 1976, pp? i 
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4 Fig. 4. Microprocessor decoder 


gating control for the a.g.c. amplifier IC. 

‘Transistor Tr; is a.c. coupled to the unde- 

layed signal and provides a simple 

time-out arrangement if no modulation is 

detected. If this occurs Tr3 remains off 
permanently and enables the a.g.c. loop. 
During normal operation, when the carrier 
is pulsed off for up to 500ms, Tr3 remains 
on, the transmission gate opens and 
switches the a.g.c. integrator to the hold 
state. This action prevents the gain rising 
during the normal off periods which would 
otherwise cause noise to be amplified and 
excessive overshoot in the received carrier 
level, which in turn causes timing errors in 
the demodulated signal. 

The d.c. amplifier is followed by a 
simple active low-pass filter and a Schmitt- 
trigger level sensing stage which provides a 
logic level output, high corresponding to 
no carrier. This output is inverted and 
buffered for t.t.l. compatibility. Comple- 
mentary m.o.s. apmplifiers are used 
throughout to reduce the current require- 
ments and dispense with dual supply rails. 


Micro decoder’ 

The complete decoding system is based 
‘on a 6502 microprocessor. Although this 
device is not the most powerful in terms of 
number crunching, its memory-mapped 
architecture and addressing modes make it 
an ideal choice for industrial control appli- 


Continued on page 59 
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From the point of view of the broadcasting 
industry, there can be no doubt that digital 
technology carries with it numerous bene- 
fits to both listener and viewer, more than 
compensating for the additional complex-' 
ity and expense of the signal origination 
and transmission plant involved. 

Those who possess or have heard 
‘demonstrated audio discs cut from a digi- 
tally recorded master tape can confirm the 
significant improvements in clarity and 
fidelity now obtainable. This is in spite of 

` the fact that the digital processing compo- 

a nent here represents only a small part of 

the total recording/reproduction system. 

Further developments in laser optical 

recording may, in the future, finally re- 

solve the contentious question of what 

truly constitutes ‘high fidelity’ audio by 

providing, for all practical purposes, abso- 

lute fidelity between recording studio and 
listening auditorium. . 


Digital audio characteristics 
Reasons for the subjective.superiority of 
digital audio over the traditional analogue 
equipment are its much reduced pro- 
gramme-modulation noise, idle-channel 
noise, distortion and wow and flutter. The 
magnitudes of these improvements are de- 
termined by the digital sampling charac- 
teristics, minimum standards for which are 
generally accepted to be, for broadcasting: 
@ Sampling rate: 32 000 samples/second. 
@ digital resolution: 14-bits/sample 

@ Pre/de-emphasis: CCITT characteris- 
tic. 
_ Pre-emphasis and de-emphasis are not 
essential with digital audio, but give 
worthwhile improvements in high-fre- 
quency noise performance for signals pos- 
sessing limited energy at the upper end of 
the audio spectrum. 

These standards provide for an audio- 
channel bandwidth to 15 kHz (provided 
that great care is taken in the manufacture 
of the anti-aliasing filter), and a signal/- 
Noise ratio of better than 85 dB. The needs 
of the recording studios, where the final 
output is derived from a large number of 
independent sources, are more stringent; 
hence the use of 16-bit sampling at rates 
between 48 000 and 64 000 per second in 
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use of a microprocessor. 


by J. B. Watson* 
B.Eng., M.I.E.E. 


order to minimize signal degradation 
through the mixing processes. 


ADC considerations 


The following specification ‘figures un- 


derline the reasons for the relative delay 
between the general acceptance of digital 
video and digital audio technology. For 
example, the ‘aperture time’ required 
of an 8-bit, 5 MHz video sampling circuit, 
is only 20% shorter than that for a 16-bit 
15 kHz audio sampler; but the precision of 
the audio circuit needs to be better by a 
factor of 256. Thus, although proprietary 
video analogue-to-digital converters 
(a.d.cs) have been obtainable for the past 
three or four years, audio a.d.cs with ade- 
quate performance have only recently be- 
come available. Table 1 shows the speci- 
fication of such a device. Although 
sufficiently accurate and sufficiently fast 
for broadcast-quality audio, this a.d.c. (in 
common with many other proprietary 
units) has the disadvantage of “offset-bi- 
nary’ digitally-coded outputs (see Table 2). 
This means that the most critical zone in 
its transfer characteristic occurs at the 
mid-point, where the digital output 
changes from 011. . .111 to 100. . .000. 


-Since this is normally the quiescent operat- 


ing region, careful circuit layout and 
screening are essential to minimize digital- 
analogue crosstalk. A more suitable coding 
technique for digital audio is the sign-plus- 
magnitude arrangement, shown in Table 
2, which has the effect of moving the most 


critical region away from the quiescent 


operating point. 

‘Digital-to-analogue converters (d.a.c.s) 
are usually less costly than the correspond- 
ing a.d.cs, but can introduce non-linearity 
into the audio channel if their output cir- 


cuits are ‘slew-rate limited.’ This problem 


disappears if the d.a.c. output is re- 
sampled by a sample-and-hold device de- 
signed specifically for audio applications. . 


% Independent Broadcasting Authority 


DIGITAL AUDIO SIGNAL 
PROCESSING BY 
MICROCOMPUTER 


The author suggests that audio-frequency signal processing is the most recent 
area in broadcasting to benefit from digital technology. He lists the currently 
accepted digital sampling characteristics which limit the reduction of programme 
modulation noise, idle-channel noise, distortion and wow and flutter. The article 
includes a brief review of the development of microcomputers, compares 
analogue and digital companding and describes how companding is affected by 


Table 1. Specification for a proprietary _ 
a.d.c. device suitable for broadcast-quality 
digital audio. 


Analogue-to-digital converter Type 
MP8016, Analogic: 
input voltage range: —10V to +10V bipo- 


lar 
input impedance: 5.0k0, 
digital resolution: 16 bits 
relative accuracy: +0.0015% of full 
scale 
absolute accuracy: +0.003% of full scale 
quantizing error: +, least sig. bit 
monotonicity: guaranteed 
recommended cali- 
bration interval: 6 months 


‘Warm-up time to 
specified accuracy: 10 minutes 


conversion time: 0.6 to 2.0 us per bit 
(adjustable) 

digital output code: offset binary or two’s 
complement 

power supplies: +15V, 65 mA and +5 
V, 300 mA 

dimensions: 102x77x13 mm 


Table 2. Comparison of offset-binary and 
sign-plus-magnitude a.d.c. output codes 


The offset binary code is easier to 
implement in hardware, and is the one 
most commonly used in proprietary a.d.cs. 
The sign-plus-magnitude code may be 
more suitable for an audio a.d.c, but suffers 
the disadvantage of two equally-valid 
codes for zero input. 


Offset-binary code: 

1111 1111 1111 1111= +9-9997 volts input 
1000 0000 0000 0001= +0°0003 ,, ,, 
1000 0000 0000 0000= 00000 ,, ,, 
0111 1111 1111 1111= —0°0003 ,, ,, 
0000 0000 0000 0000=+10:0000 ,, 5, 
sign + magnitude code: 
0111 1111 1111 1111= +9-9997 volts input 
0000 0000 0000 0001= +0°0003 ,, ,, 
0000 0000 0000 0000= 0-0000. ,, ,, | 
0000 0000 0000 0000= 0:0000 ,, -s 
1000 0000 0000 0001= -0:0003 ,, ,, 
1111 1111 1111 1111= —9-9997 ,, `» 


Table 3. Comparison of three generations of microprocessor from a single manufacturer. 


The 8088 is a development of the 16-bit 8086, but communicates via an 8-bit data bus. 


‘First generation’ ‘Second generation’ 
(p-mos technology) (n-mos technology) 
microprocessor type = 4004 8008 4040 8080 8085 
date introduced 1971 1972 1974 1974 1976 
‘accumulator capacity 4-bits 8-bits 4-bits 8-bits 8-bits 
no of instructions 46 48 60 111 113 
min. instruction 
cycle time 10°8 us 20 us 10-8 ps 2 ps 3 ys 
memory addressing 
` capability 4Kx8 16Kx8 8Kx8 64Kx8 64K x8 
no of general 4 . 4 , 
purpose registers 16x 4-bit 7x8-bit 24x4-bit 7x8-bit 7X 8-bit 
power supplies +5V,-10V +5V,—-9V +5V,—-10V +5V, + 12V +5V 
sub-routine nesting maf ee 
Jevels ` eee! 7 7 unlimited unlimited 
no of interrupt types 0 1 1 8 12 
‘interrupt latency 
(approx. ) - 40 us 30 ps 6us > 4us 
address, data bus width 12 addr. 14 addr. -12 addr. 16 addr. 16 addr. 
4 data 8 data 4 data 8 data 8 data 
4r.a.m. sel 4r.a.m. sel 
2 r.o.m. sel 


‘Third generation’ Future 
(h-mos technology) 

8086 8088 iAPX 432 
1978 1979 1981 
16-bits 16-bits 32-bits 

300+ 300+ very many . 
0-4 us 0-4 us 0-1 us 
1Mx8 1Mx8 4000 Mx8 
12x16-bit - 12x 16-bit ? 
+5V +5V +5V 
unlimited unlimited unlimited 
256 256 none 
12 us 12 us - 
20 addr. 20 addr. 32 addr. 


16 data 8 data 32 data 


Signal processing by 
microcomputer 


Before considering in detail the type of 
‘audio signal processing appropriate to 
microcomputers, it may be instructive to 
consider the history of the development of 
these devices since their introduction 
about eight or nine years ago. Table 3 
summarizes the characteristics of three 
‘generations’ of microprocessor originating 
from a single manufacturer, the demarca- 
tions corresponding loosely with the fab- 
rication of the silicon chip by p-channel, n- 
channel and h-mos technology. Details of a 
prospective 32-bit device are also included. 

Of particular relevance to audio process- 
ing are the accumulator capacity (16-bits 
being desirable), instruction cycle time 
and interrupt response time (latency). 
First generation devices (4004, 4040, 8008) 
were relatively slow in operation, offering 
instruction times of several microseconds, 
and possessing extremely limited — or, in 
the case of the 4004, non-existent — in- 
terrupt handling capability. Real-time 
processing of broadcast quality digital au- 
dio. signals was not feasible with these 
processors, although the 8008 did find ap- 
plication in the military communications 
field as a speech processor. 

Second generation processors, such as 
the still-current 8085, exhibit speed im-, 
provements of an order of magnitude over’ 
their predecessors. With'an instruction cy- 
cle time of 1.3 microseconds, between 12 
and 24 simple processing steps can be un- 
dertaken in the interval separating adja- 
cent audio samples (this varies from 30 to 
15 microseconds, for sampling rates of be- 
tween 32 000 and 64 000 per second). In- 
terrupt latency is of a low order, allowing 
rapid re-programming of peripheral de- 
vices after the treatment of blocks of data. 
Self-contained hardware multiply and di- 
vide features, however, are not typical of 
second generation microprocessors. Com- 
plex digital filtering operations requiring 
weighting factors related by integral 
powers of two. On the other hand, digital 
audio companding can be implemented 


with this type of processor, since the essen- 
tial feature of a companding algorithm is a 
multiple-bit shifting operation. 

Extremely powerful processing possibi- 
lities are now available, following the 
introduction of the 8086 and other similar 
devices such as the Z8000 and M68000. 
These computers operate directly on 16-bit 
sampled data values, have fast and com- 
prehensive instruction repertoires includ- 
ing hardware multiply and divide, and can 
directly address memory arrays in excess 
of a million bytes. The very complex 
nature of these machines, however, neces- 
sitates some compromise in performance 
in the real-time environment, the most 
serious being an interrupt latency ap- 
proaching 15 to 30 us sampling interval of 
high-quality audio. 

This arises from the extended memory 
addressing and interrupt type handling 
capabilities. The 8086 computer, for 
example, responds to an interrupt by stor- 
ing the current program counter and 
memory segment register (16-bits each), 
calculating the location of the appropriate 
interrupt vector, and reloading new 
program count and segment values from 
the vector location. Flexibility of operation 
is thus achieved at the expense of speed, 
the complete process occupying approxi- 
mately 12 us. This trend is likely to con- 
tinue with the emergence of new device 
types (e.g., iAP 286) capable of directly 
addressing thousands of megabytes of 
memory. Future microprocessors designed 
for ‘mainframe’ applications might 
dispense entirely with interrupt facilities, 
‘since these prejudice the ‘number crunch- 
ing’ performance. 

The solution to this problem, in the 
critical real-time signal processing area, is 
in the use of dedicated input/output 
processors. These are intended specifically 
for rapid peripheral device servicing 
duties, and communicate with the main 
processor system via block transfers on 
direct-memory-access channels. Operating 
speed improvements anticipated with the 
h-mos process are also likely to simplify 
the task of the digital audio engineer. 


Digital companding 


An example of the type of digital audio 
‘processing now possible with microcom- 
puters occurs in signal compression 
and expansion (companding). Analogue 
companding is used extensively in the 
magnetic tape recording of music, where 
it provides an improved signal/noise ratio, 
particularly at high frequencies. The wide-. 
spread acceptance of the Philips audio cas- 
sette as a satisfactory medium for domestic 
sound recording is, in fact, largely due to 
the adoption of Dolby or similar compand- 
ing techniques. 

Analogue systems of this type separate 
the incoming audio signals into several 
frequency bands, each channel during 
recording being compressed by amounts 
depending upon the peak levels present in 
‘each appropriate spectral band. The accur- 
acy of the reciprocal expansion process 
during playback is seldom perfect, since 
great reliance is placed on carefully match- 
‘ing the filters, time constants and level- 
dependent amplifiers, in the record-replay 
chains. 

The processes involved with digital 
companding are, on the other hand, accu- 
rately reversible. The degree of compres- 
sion applied by the encoder is transmitted, 
together with the audio sample values, 
along a separate time-multiplexed channel 
to the decoder. No gain errors or time 
constant mismatching errors occur, but a 
degree of programme-modulation noise is 
introduced, the magnitude of which is gov- 
erned by the type of digital companding 
used. It might seem paradoxical that digi- 
tal companding apparently worsens the 
audio signal/noise ratio, whereas analogue 
companding improves it. This arises from 
the different areas of application in which 
the two techniques find justification, digi- 
tal companding being used in bandwidth 
‘reduction rather than noise reduction. Al- 
ternatively, the companding process can 
be regarded. as a ‘trade-off’ between idle- 
channel (background) noise and modula- 
tion noise in a channel of defined capacity 
or bandwidth. This ‘trade-off’ takes place 
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Table 4. 14: 10 A-law companding 


-14-bit audio samples are compressed before transmission to a 6-bit representation (X's in 
the Table), the less significant bits being truncated (shown as T’s in the table). A 3-bit scale 
factor indicating the audio level within a range of 2: 1 is appended. Finally, the ‘sign’ bit (13) 
is added, making 10 bits altogether. A refinement of the procedure is to ‘round-up’ the 
levels by one half least significant bit to improve accuracy. 


Scale 
factor 


‘in both analogue and digital companding, 
as sensitive ears can easily recognise, and 
there is, therefore, no paradox. 

Many different types of digital com- 
panding have been proposed, these being 
within two main categories of ‘instanta- 
neous’ and ‘near-instantaneous’ (or ‘quasi- 
instantaneous’) form. Table 4 depicts the 
operation of a simple ‘A-Law’ instanta- 


` neous compander, used for reducing to 10- 


-bits per sample a 14-bits per sample audio 
signal. The companding algorithm is sim- 
ply expressed as follows: The position of 
the most significant ‘I’ digit in the 14-bit 
data word is a measure of the signal magni- 
tude within a 2:1 range. A 3-bit digital 


code representing the number of leading — 


(more significant) ‘0’ bits in each word is 
transmitted with the word, the leading 
zeros and the most significant ‘I’ being 
‘suppressed. The remainder of the digital 
word is transmitted with a precision of 
seven bits, with the less significant bits 
truncated. 

_ The resulting signal comprises ten bits 
per sample, three bits of which define the 
approximate value, within a 2: 1 range, 
and seven the more precise magnitude 
within that range. One of the seven bits 


‘indicates the signal polarity. Digital 


sample values with more than five leading 
zeros experience no compression and are 
‘therefore expanded without loss of resolu- 
tion. For signals of larger magnitude, the 


compression takes the form of a truncation 


of the less significant bits, giving rise to 


-coarser quantizing steps and associated 


‘programme modulation noise. Listeners 
accustomed to the very high sound quality 
reproduced by digital systems have ob- 
served that, with experience, their thres- 
hold of tolerance to modulation noise tends 
to decline. Acceptable standards of per-. 
-formance based on subjective tests may, 


therefore, become more stringent as the 


use of digital audio equipment increases. 
‘Near-instantaneous’ companding 
‘makes more efficient use of the available 


‘channel capacity, and thus achieves a . 


‘lower level of modulation noise. By deriv- 
iing scale factors related to the peak ampli- 
‘tudes of groups of audio samples, rather 
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than to individual sample values, more, 


` capacity is available for accurately resolv- 


‘ing the signal levels. In two systems re- 
cently proprosed 23, groups of samples 
representing a duration of approximately 1 
ms are examined before defining the de- 
gree of companding appropriate to the 
group as a whole. Subjective comparison 
tests of various digital companders tend to 
the conclusion that the ‘near-instanta- 
neous’ principle provides a standard of 
performance equivalent to that of an ‘in- 
stantaneous’ system employing at least one 
more bit per sample. Many of the dif- 
ferences between the various contending 
schemes proposed for international pro- 
gramme exchange arise from attempts by 
their proponents to make maximum use of 
the different hierarchical levels available 
on Posts; Telegraphs and Telephones 
(PTT) networks. Until detailed plans for 
digital sound channels are published by 
the PTT authorities, however, an opti- 
mum transmission system is unlikely to be 
realised. Tariff structures are likely to play 
a more important role than technical 
reasons in deciding which form of the com- 
panding, if any, should be universally 
adopted. 


Companding by microprocessors 
Since both ‘instantaneous’ and ‘near-in- 
stantaneous’ companders employ the same 
basic principle in deriving their respective 
scale factors, i.e., the determination of the 
position of the most significant bit in a 
digital code, it is possible to devise 
hardware configurations capable. of operat- 
ing in either mode. 

Figure 1 illustrates a digital audio com- 
pression system used in the laboratories of 
the IBA to evaluate the performance of a 
variety of companding algorithms. 

The system is designed as a peripheral 
interface to an 8-bit 8085 microcomputer, 
the 14-bit audio samples requiring two 
operations per processing step because of 
the 8-bit accumulator limitation. A prior- 
ity encoder device (see Table 5) with com- 
plemented data inputs locates the position 
of the more significant ‘I’ bits in the 
sampled data, and generates a 3-bit code 


related to the compression scale factor. 
Because the chosen a.d.c. produces an ‘off- 
set binary’ output, positive values require 
to be complemented before reaching the 
priority encoder. This is effected by apply- 
ing the most significant bit to a set of 
exclusive ‘Or’ gates. Samples from a ‘sign- 
plus-magnitude’ converter would not re- 
quire correction in this manner. 

The audio samples are ‘left-justified’ to 
remove leading zeros by means of a 
multiplying technique. By decoding the 
scale factor in the 3: 8-line decoder shown 
in Fig. 1, a digital number of the form 2” 
is produced. This number is applied to the 
B inputs of a pair of 8 X 8 parallel 
multiplier chips, causing a left shift (by 
places) of the data samples entering the 
multiplier A inputs. Finally, the two par- 
tial products resulting from the 8 x 88 
multiplying operation are combined, and 
the appropriate number of less significant 
bits truncated. Strictly, the multiply com- 
biner should take the form of a digital 
adder circuit, but a simple Or gating 
arrangement suffices since one of the 


. operands is of the type 2". The circuit 


described can perform either on a sample- 
by-sample basis, thus providing an in- 
stantaneously companded A-law output, 
or it can generate scale factors derived by 
the computer from peak measurements of 
‘groups of samples, resulting in near-in- 
stantaneous companding. 

Figure 2 shows the microprocessor con- 
figuration, based on the 8085 computer 
and standard memory and input/output 
devices. The interval between audio 
samples is 31.25us (32 kHz sampling), 
permitting a reasonable amount of signal 
processing on a per-sample basis, bearing 
in mind the 1.3 us instruction cycle time of 
the 8085. For example, the peak value of a 
group of audio samples can be calculated 
by complementing negative values, Or-ing 
each word with previous samples, and 
scanning the resultant value at the end of a 
cycle to determine the scale factor for the 
group. Insufficient processing power is 
available from the 8085 system to perform 
A-law companding by software, hence the 
derivation of ‘instantaneous’ scale factors 


Table 5. Transfer function, 74148 Priority 
encoder device 


The device generates a 3-bit output code 
indicating the position of the most- 
significant 0 bit in an 8-bit word. It can be 
used as the basis of a digital compander if 
its input signals are complemented. 
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Fig. 1. Digital audio compression system. Compression is effected b ifti igi 

ig. 1. ! i y shifting the digital samples left (towards the most 
significant bit) by an amount equal to the number of leading zeros in the data value. The 74148 priority encoder locates the 
position of the most significant I’ bit and produces a 3-bit code which is then decoded by the LS138 and applied to two 8 x 8 
multiplier chips. These multipliers, together with the multiplier combiner, shift the input data word by the required amount. 


‘Fig. 2. Microprocessor system for digital A-law 


audio companding, Digital companding Linear io cae ame 
HoH ; 


experiments can be undertaken with a 
relatively simple microprocessor system. 
The hardware configuration shown LT Neat instantaneous 
employs 1K x 8 r.a.m. and 2K x 8 e.p.r.o.m. ' 
eit audio samples are processed as 8-bit Gale tnlz 
word pairs. 
System 
Pantcél Computer 
j scale factor 
to companding system 


by the 74148 priority encoder in Fig. 1. f 
However, the usual benefits of software | 
control, including versatility, cheapness | computer K 
and reliability, apply to the remainder of j pa 
the data processing hardware. An interest- hee. RST TS ea 
ing feature of this arrangement is that less = me eu 
- hardware is required for ‘near-instanta- 
neous’ campanding than for the A-law al- 
gorithm; i.e., a reversal of the usual situa- 
tion. Í 
The system software operates on three ipten hup efron aN Â 
distinct blocks of data, audio sample words 
originating from the a.d.c., stored blocks 
awaiting analysis, and output data for the 
` expander logic arrangement (not shown, 
but similar in concept to the compression 
circuit of Fig. 1). Both input and output 
data streams communicate directly with 
memory via direct-memory-access 
(d.m.a.) channels. D.m.a. management is 
performed by the. 8257 chip, which re- 
ceives ‘data requests’ from the currently 
active peripheral and responds with ‘data 
acknowledge’ when the computer has 
disabled its bus signals. Data transfer then 
takes place, and the memory pointer for 
the channel in use is incremented. A time 
penalty of about one microsecond is in- 
‘curred while the computer data and 
control busses ‘freeze’ during the transfer, 
in comparison with the several microse- 


DMa | 
control 
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out | 


‘conds necessary for conventional input/ 


output procedures. However, because of 
the automatic address incrementing per- 
formed by the d.m.a. controller, new 
address pointers have to be entered before 
the selected location exceeds the available 
memory space. It is convenient to manipu- 
late the audio samples in blocks, and to re- 
initialise the d.m.a. controller at the end of 
each block. The execution time of the soft- 
ware routine- controlling this function 
must, of necessity, be shorter than the 
audio sampling interval, otherwise samples 
could be lost. This segment of code is 
therefore designed around register mani- 
pulation instructions which are much 
faster than memory accessing operations. 
Software for the complete system, capable 


of rapidly switching between 14-bit linear . 


(uncompanded), 14: 10 A-law and 14: 10 
near-instantaneous companding algo- 
rithms, occupies less than 1000 words. 
Subjective tests of the system described 
have confirmed that the effect of 14: 10 
digital companding, whatever the algo- 
rithm, is inaudible with normal pro- 
gramme material, but discernible when 
pure tones are transmitted. Results from 
other workers in the field* show that 14: 10 


_ near-instantaneous companding provides a 


standard of performance virtually identical 


with uncompanded sound. This is likely to: 


be of great importance for satellite trans- 


_ mission, where significant savings in capi- 


tal plant can be achieved if more channels 
can be accommodated within a given band- 
width. 


Future techniques ; 
Voice synthesis by microcomputer -is a 
rapidly developing technique, especially for 
electronic toys and games. Most such de- 
vices currently available appear to possess 
American or Japanese accents, so revealing 
their places of origin. Economy of storage 
and audio bandwidth is afforded by mas- 
culine voices, but this is likely to become a 
minor consideration as the cost of memory 
chips continues to decline. Solid-state 
recording of high-quality musical perform- 
ances is a more difficult matter, unlikely to 
be solved by the silicon chip for many 
years hence. For example, any recording 
of Beethoven’s ninth symphony would re- 
quire a digital storage array of approxi- 
mately 2000 megabits. Current prices of 
memory chips would need to fall by a 
factor of 100 000 to render viable any such 
scheme. Meanwhile, more traditional de- 
vices such as magnetic tape, hard disc stor- 
age and the newer ‘Winchester disc’ con- 
tinue to improve in performance, possibly 
rivalling the storage density achieved by 
laser-optical techniques. 


In the digital processing area, one of the 
more interesting new devices to emerge is 
the Intel 2920 processor. This comprises 
an analogue-to-digital converter, a signal- 
processing computer and a digital-to-ana- - 
logue converter, all contained on a single 
silicon slice. Current technology limi- 
tations restrict its operating frequency to 
about 14 kHz. However; speed improve- 
ments to at least five times that figure, ` 
whereby it would admirably suit the needs 
of the digital audio engineer, can now be 
expected. go 
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cations. And because the 6502 has been 
chosen by many of the microcomputer 
manufacturers, continued production 
seems assured for the forseeable future. 

The hardware shown in Fig. 4 has been 

kept as standard as possible to reduce the 
overall cost, and the memory map for this 
arrangement is shown in Fig. 5. Circuits 
‘IC, and IC; provide 1K of r.a.m. for essen- 
tial variables, the stack in pages 0 and 1, 
plus spare areas in pages 2 and 3. The 
r.a.m. is not fully decoded and appears 
throughout the bottom half of the 64K 
address space. An e.p.r.o.m. containing 
the firmware is assigned to the top 2 or 4K 
of memory with address decoding pro- 
vided by IC for an expanded system. 
Wire-ORing of the address decoder out- 
puts provides addressing options. Circuit 
15 is enabled at C000 (hex.) -to provide 
sub-divided outputs for display drivers 
and a versatile interface adapter. 
‘ The system clock is provided by a 
1MHBz crystal oscillator using unbuffered 
c.m.o.s. gates. This also provides the 
timing for a back-up system and is 
trimmed for best results in this mode. 
Power-on reset is provided by two Schmitt 
inverters which allow the power supply to 
stabilize before the program is initiated. 

A potentially troublesome source of in- 
terference for v.1.f receivers is the conven- 
tional multiplexed display, and for this 
reason a low-current liquid crystal type is 
recommended. A suitable display and 
driver circuit which will plug directly into 
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Fig. 7. RS232C generator and level translator. 
the display port is shown in Fig. 6. The 
eight-digit panel allows six 0.5in digits to 
be displayed with spaces to improve legi- 


` bility. The control port of IC); allows dif- 


ferent displays to be selected. It is impor- 
tant to use only the AM version of the 7211 
display drivers as these include display 
blanking and a microprocessor interface. 
Because the display port has been designed 
to drive remote displays via a short length 
of ribbon cable, ICj. is necessary to buffer 
the 6502 data bus. 


As well as displaying time and date in- 


formation, the evaluation system can be 
used with other equipment via an RS232C 
interface which transmits ASCII informa- 
tion. The necessary hardware additions are 
shown in Fig. 7. IC; divides the 1MHz 
clock to provide a 2,400 baud generator, 
and ICi converts the ‘serial data from the 
v.i.a. to an RS232 level. 

Part two of this article describes firmware, 
construction and testing. A complete kit of 
components for this design will be available 
from Circuit Services, 6 Elmbridge Drive, 
Ruislip, Middx (telephone Ruislip 76962). 
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Clock-triggered__, 
triangular pulse 
generator 


A double pulse is applied to the inverting 
input of a TL081 operational amplifier 
connected:as an integrator and a triangular 
pulse is obtained at the output. The re- 
quired double pulse is formed by two 
direct voltages -5V, +5V, applied to the 
integrator input via a pair of analogue 
switches. Two D-type flip-flops control 
these switches. The two flip-flops are trig- 
gered by the rising edge of the clock pulse 
applied to their clock inputs. When the 
clock-pulse triggers the two flip-flops, the 
First flip-flop’s Q-output becomes equal to 
1 and the Q-output of the second equal to 
0. Consequently, one switch is enabled and 
the other disabled. Thus an input voltage 
equal to — 5V is applied to the integrator. 
When no input voltage is applied to the 
integrator, Vow=0. Then, Vig=—5V and 
Vout increases; when it equals the reference 
voltage Vref. the output of the comparator 
goes high, and the first flip-flop’s Q-out- 
put is reset to 0, while the second’s Q- 
output is set to 1. Thus the switches 
change state, so that Vin=+5V and Vou 


Auto-zero for 
digital meters 


Digital panel meters using i.cs such as the 
ICL7106/7 already have internal auto-zero 
circuitry, but this is of no use when a 
particular instrumentation case requires 
amplifiers or signal conditioners prior to 
the d.p.m. Offset in op-amps drifts with 
temperature so an automatic system for 
correcting it is desirable. In the circuit 
given, box A represents circuits to switch 
the instrumentation amplifers B between 
the input to be measured and a zero refer- 
ence level. At the same time, the output of 
the amplifiers is switched between the 
sampling capacitors so that one holds the 
amplified input plus offset, and the other 
holds the offset only. The differencing ac- 
tion of the d.p.m. cancels the offset 
voltage. Clock frequency should be higher 


than the sampling frequency of the 


d.p.m. 
K. Wood 
Ipswich 
Suffolk 


D 
V¥)CD4013 


Clock 
S 


a 
1 CD4013 


D Q 
RS 


decreases. When Vow™ Vre =0V, the out- 
put of the second comparator goes high 


resetting the Q-output of flip-flop 2 to 0.- 


So both switches are disabled, and. no in- 
put ‘voltage is applied to the integrator. 
Consequently Vow™=0 until the next rising 
edge of the clock pulse triggers the flip- 


Analogue transmission 
gates eg. 4016 


Vref, 1 


Output 


flops. The duration of the triangular pulse 
is T=2t, where 4=1/RC is the time con- 
stant of the integrator. , 


G. Tombras 
Athens 


100k 


~25V 


Preamp with no t.i.m. 


Circuit shows a stable small-signal pre- 
amplifier with passive magnetic pick-up 
equalization but without overall negative 
feedback. 

At 1kHz, the circuit has an overall gain of 
50 and its input and output impedances are 
47k and 1.7k2, respectively. Peak-to-peak 
Maximum input and output voltages are 
0.5 and 25V respectively. 


Shausin Yang 
National Chiao Tung University 
Taiwan 
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Minimum component- 
count microprocessor 
This microprocessor circuit brings the 
number of components required for cer- 


tain control applications to a minimum and 
lends itself particularly to machine-control 


design. Address bus decoding is divided 


up into two 32K-byte pages and the 
€.p.r.o.m. is situated at 8000 or at 2K-byte 
images up to F800. The M6802’s eight 
interrupt vector bytes should begin at 87F8 
or its respective images. Two sets of eight 


‘Vo lines, A and B, are provided by the 


M6821 peripheral interface adapter; A 
addresses are decoded as 7000 and 7001 
and B addresses as 7002 and 7003. Loca- 
tions 0000 to 007F are used: for the 
M6802’s 128-byte r.a.m. 

Other e.p.r.o.ms, such as the 2758 or - 
2532, may be used in place of the 2716 


-with only minor alterations. The two spare 


NAND gates can be used to provide a bit- 
rate generator if necessary. 


"Y. C. Cheah 


Wellington 
New Zealand 


-24-to-12-hour clock 


decoder 
A digital clock may have a 24-hour display, 
which many people would find less pre- 
ferable to the more normal 12-hour 
display. For example, the time-coded 
radio signals from Rugby work on the 24 
hour clock. 

The circuit shown is an economical de- 
coder of b.c.d. 24-hour information (0 0 


ent STS Sg 
ial 
Re Gd 
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T To; U3U2U,Up) to b.c.d. 12-hour (0 0 0 
To; U3’U2'U;'Up’). If c.m.o.s. i.cs are 
used, types 4001 (quad 2-input NOR), 
4025 (triple 3-input NOR), 4030 (quad 
exclusive OR), 4069 (hex inverter), 4071 
(quad 2-input OR) and 4073 (triple 3-input 
AND) are required. 


W. Gough 
Whitchurch 
Cardiff 


Accurate motor speed 


control with braking 

Mr Malvar’s ‘Accurate motor speed 
control’ (WW Circuit Ideas, August 1980) 
described a circuit in which the effect of 
motor armature resistance was cancelled 
by using the armature current to provide 
positive feedback to the drive amplifier. 
The amplifier used a booster transistor 
which entailed the motor stopping under 
open circuit conditions. 

Accurate motor speed control is often 
required with a fast stop/start, and this can 
be achieved by the addition of a transistor 
complementary to the booster transistor. 

The circuit shows this addition, with a 
somewhat modified bridge circuit. When 
R,=Ra the armature back e.m.f. is equal 
ito VrzF, which can be gated or switched to 
provide a fast stop/start (Rı being the 
‘variable resistor). A single supply may be 
.used. 


K. G. Barr 
University of the West Indies 
Barbados 
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DIGITAL FREQUENCY 


SYNTHESIZER DESIGN 


Digital frequency synthesis is now commonplace in commercial transceivers. James 
Bryant discusses the design of programmable counters and prescalers for v.h.f. and 
u.h.f. synthesizers using a family of frequency synthesizer i.cs. He includes a description 
of a basic computer program which will design dividers for v.h.f. and u.h.f. 


A basic frequency synthesizer, shown in 
Fig. 1, consists of a voltage-controlled os- 
cillator, programmable divider, phase de- 
tector, low-pass filter and a stable refer- 
ence frequency source. The v.c.o. and 
l.p.f. are the most critical parts of the 
design, and the v.c.o. must be isolated 
from the output and the input to the di- 
vider. Operation of the synthesizer is 
straightforward: the v.c.o. output is fed to 
the programmable divider and then com- 
pared with the reference signal in the 
phase comparator, whose output controls 
the v.c.o. The system is therefore a phase- 
locked loop acting to maintain the divider 
output in phase with the reference input. 
The v.c.o. frequency is stabilized at n 
times the reference frequency, i.e. 


Modulation 
(optional) 


Programmable 
divider 


by J. M. Bryant 
B.Sc. 


Fou=Mfrer Where n is the division ratio of 
the programmable divider. If n is altered 
by unity, the v.c.o. output will change by 
ref) so'a synthesizer can generate -several 
channel frequencies which are multiples of 
the reference frequency. In v.h.f. and 
u.h.f. synthesizers channel spacings of 5 to 
50 kHz are normally required, although 
synthesizers with channel spacings down 
to 1Hz or less can be built but these would 
normally use multi-loop techniques. 
Although the v.c.o., phase comparator 
and l.p.f. can be built using discrete com- 
ponents, for a complex circuit such as the 
programmable divider the use of i.cs is 


essential. Unfortunately, current inte- 
grated-circuit programmable dividers use 
c.m.0.s.; n.m.o.s. or t.t.1, technology and 
are unable to operate at frequencies above 
25MHz (a little higher in the case of Schot- 
tky t.t.l.) which is not nearly high enough 
for v.h.f. or u.h.f. synthesizers. 

One solution to this problem is shown in 
Fig. 2 where a fixed v.h.f. or u.h.f. pre- 
scaler with a division ratio of m is inserted 
between the v.c.o. and the divider. This 
reduces the output to a frequency which 
the programmable divider can accept, but 
it also introduces several other problems. 
However because fixed dividers using 
e.c.l. technology are available with input 
frequencies up to 1.8 GHz, this system is 
often used in commercial equipment. Two 
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prescaler - 


Program inputs 
Programmable 
divider 
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Four-modulus 
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Programmable 
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Fig. 5. Four-modulus prescaling overcomes the limitation on lowest frequency of Fig. 4. 
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Fig. 6. Synthesizer type NJ8811 is made from n-m.o.s. to reduce power consumption but it 
also reduces chip size and the number of diffusions required. 


minor problems with this approach are the 
high power consumption of e.c.1., and in- 
Charge pump 


system performance (noise in the reference 
oscillator is less important because fre is, 
usually divided from the reference oscilla- 
tor) and the system is more complex. 
Nevertheless, many synthesized transceiv- 
ers ‘use this technique. 

A better system, known as a multi-mod- 
ulus prescaling, is shown in Fig. 4. The 
simplest form uses a two-modulus pres- 
caler (sometimes called a swallow counter) 
and when the system starts counting, the 
two programmable counters are reset to 
zero. The prescaler divides the v.c.o. outs 
put by m+1 and its output pulses incre- 
ment both programmable counters. When 
the count reaches a, the prescaler modulus 
is changed to m and the a counter stops (at 
this point ax(m+1).cycles of the input 
frequency have been counted). The n 
counter continues to count the prescaler 
output until it reaches n and passes a pulse 
to the phase comparator. Both counters are 
then reset, the prescaler reverts to (m+1) 
ratio and the cycle restarts. In the second 
half of the cycle, the system counts 
(n—a)xm cycles of the input frequency. 
Therefore, a full cycle of the counter de- 
livers onè output pulse for each ax(m- 
+1)+mxX(n—a) input cycles, so the divi- 
sion ratio is nm+a:1. 

The complete system forms a v.h.f. or 
u.h.f, programmable counter, but the 
programmable counter only operates at a 
few MHz which enables c.m.o.s., n.m.0.s. 
or t.t.l. devices to be used. Also, although 
two programmable counters are required, 
they are simpler than the type in Fig. 2 and 
the overall complexity is only slightly 
greater. There are, of course, drawbacks. 
The division ratios of a two modulus pres- 
caler will normally be between 10/11:1 and 
100/101:1, but ratios of over 20/21:1 are 
required at v.h.f. if the programmable 
counter input frequency is to be low 
enough for c.m.o.s. or n.m.o.s. devices. 

For an m/m+ 1:1 prescaler the a counter 


fref 


Fig. 1. V.c.o. frequency is stabilized at n times the reference 
frequency in the basic synthesizer. Several frequencies can be 
generated by altering n. 
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Fig. 3. To avoid some of the problems with the fixed prescaler 
technique the v.c.o. is mixed with a frequency fm and thè 
difference applied to the divider. ` 
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terfacing. A major and intractable problem 
is the effect on f,-¢ because the introduction 
of fixed prescaling changes the synthesizer 
law to for=mnX fref. If the same channel 
spacing is needed, the reference frequency 
must be reduced by a factor of m, which 
will generally lie between 10 and 256. This 
complicates the design of the 1.p.f., in- 
creases by a factor of m the time required 
for the synthesizer to lock and, unless ex- 
treme care is taken in the v.c.o. design, 
worsens the noise and refetence sideband 
levels in the synthesizer output.. 

In applications where this degradation is 
tnacceptable, the use of a mixer synthe- 
sizer as shown in Fig. 3 is often consid- 


Fig. 2. Including fixed prescaler in divider loop allows v.c.o. to 
operate at frequencies higher than c.m.o.s. or t-t logic allows. 


Bit =( Mx +0) frog 


Two-modulus 
prescaler 


ered. The v.c.o. is mixed with a signal 
RS RS frequency fm and the difference frequency 
es -a (fout™fm) is applied to the programmable 


divider via a Lp.f. This system has a 
humbet of advantages, fm cari be switched 
to give i.f. and repeater shifts, power coti- 
sumption is usually low, and it is easily 
understood. However, the overall system 
stability depends on two oscillators (fef 
and fm); low noise levels in the second 
6scillator and the mixer are vital for good 


Programmable 
counters 


Fig. 4. Muiti-modulus prescaling avoids the noise problem of 
Fig. 3. Full counter cycle delivers one pulse for each 
a(m+1)+m(n—a) input cycles. Scheme works to u.h.f. though 
the two simple counters neéd only work to a few MHz. 
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Fig. 7. Although NJ8811 and NJ8812, above, will generally be programmed by 4r.o. m: and 
charinel switch they are compatible with microprocessor-based systems as well, 
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Basic synthesizer design program 


i oGg=" FREQUENT IES" f=" FFUGFAM 
EISER" :P$="PFESEHT" 09="FRESCALEPR 


1 PF: EFERENCE" S="StHTHESIS" Fr="FREGLEt 
Z [e="RIVISION RATION EF=" DIVITIER" Us="TRA 


ICS="ENTER "“2$="1HPUT ERROR ~ TRY AGHIH" 
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68 15138 
5 OSUEES PRINT"; GOURUELSS MES AAHIMUM "PRINT APLESSEY SEMICONDUCTORS M 
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1 
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must be programmable over a range of m 
and the n counter must always divide by a 
larger number than the a counter. 
Therefore, to be fully programmable, the 
total system division ratio must be equal 
to, or greater than m. This sets a lower 
frequency limit for such synthesizers, for 
example, with 25kHz channel spacing and 
a 40/41 prescaler the minimum division 
ratio is 40° so the minimum frequency is 
40 MHz. : 
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Generally, the programmable counter 
sets a limit which is higher than the theo- 
retical minimum. If wider tuning is re- 
quired, four-modulus prescaling can be’ 
used. A typical system is shown in Fig. 5 
with four moduli, m/m+1/m+k/m+k+1, 
which are set by +1 and +k control lines. 
There are three programmable counters 
and the conditions which limit the ratios 
are, a must count over a range of k, x must 
‘count over a range of (m+k+1)/k, and n 


‘must count at least the minimum value of a 

or k. For a 55/56/63/64 prescaler, the divi- 
sion ratio limit is 512, which allows 25kHz 
channel synthesis above 12.8 MHz. Again, 
in a practical system, the programmable 
counter will generally set a higher 
minimum. The overall division ratio of 
this system is mXn+kxx+a where n, x 
and a are the counts in their respective 
counters. 
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DP-824-24 PRINTER KIT SPECIAL OFFER 
SAVE £33.89 (UK ONLY) 


To compliment the excellent article in this 
issue of Wireless World, Roxburgh Printers 
Ltd are making an offer of: 


1pc DP-824F-24 Printer Mechanism 
1pc DPC-4A Controller Chip 

1pc 82910180 Paper Tear Bar 

1pc 8002 Paper Roll Holder 

1pc 114080-RO-000-SP-P Paper Roll 

Normal price with carriage and VAT would be 
£119.38 

Offer price inclusive of carriage and VAT is £85.49 


Cheques should be made payable to Roxburgh Printers Ltd. 


ROXBURGH 


PRINTERS LIMITED 


22 Winchelsea Road, Rye, East Sussex. 
Telephone: Aye 079 73) 3777. Telex: 957066 


Hf you would like further data on this or the complete 
range of Printers and Interfaces, please contact us. 
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i MARKETING Ltd. 


D.S.N. Marketing is a newly established subsidiary company, part of a group 
of companies centred around one of the U.K. market leaders in electro- 


: acoustic equipment, established for over 50 years. We make use of the 
A T i i @ i extensive research facilities on our premises, which include a large anechoic 


chamber and B & K measuring equipment, to ensure the highest quality of our 
products. 


LOUDSPEAKER COMPONENTS 


AT-SERIES L-PAD CONTROLS 

A range of constant impedance loudspeaker level controls. By employing a twin-track wire wound power potentiometer in an L- 
circuit configuration a constant impedance of 8 ohms within + 25% is achieved over the whole attenuation range. The ‘H’ models 
are standard potentiometers with a 10mm long M-9 threaded shaft. The ‘S’ models come complete with a recessed indication 
Panel and control knob. 


Model Power Ratin Attenuation Rotation R.R.P. 
—2 dB —6 dB —12 dB Range Torque incl. V.A.T. 
AT-40H 15W 10W 6w 0 : —40 dB 70 : 450 g/cm £1.10 
AT-40S 15W 10W 6w 0:-40dB | 70 : 450 g/cm £2.45 
AT-50H 30W 25W 15W 0:-28dB 200 : 500 g/cm £2.55 
AT-50S 30W 25W 15W 0: —28 dB 200 : 500 g/cm £3.40 
AT-60H 50W 35W 25 W 0: -40 dB 200 : 600 g/cm £4.15 To order: send this coupon together with 


cheque/postal order, payable to D.S.N. 

Marketing Ltd, or give Access/Visa card 

number. Access/Visa car holders also can 

> phone their orders through for extra fast 
service, All prices include VAT @15%, subject 


These level controls can easily be incorporated in to avaltabi w Pay. We. 
any low impedance loudspeaker circuit and are Piease supply the following: 


Different models and impedances available to special order (O.E.M. only) 


| most useful for compensation of acoustic . unit | total 
RON absorption and efficiency differences in 2- or 3-way quantity product price | price 
AMPLiFieR ; I loudspeaker systems. They are also widely used for -40H L-Pad Control | £1.10 
i i level setting in multi-loudspeaker chains, such as | AT-40S L-Pad Control | £2.45 
i wstanie TOF monitor, paging or background music | AT-50H L-Pad Control | £2.55 
pae os applications. [AT-505 L-Pad Control | £3.40 
— AT-G0H L-Pad Control | £4.15 


Tick for further details UK P&P £2.00 


ER i el 
SEE OUR STAND AT A.P.R.S. 82 INTERNATIONAL EXHIBITION 
OF PROFESSIONAL RECORDING EQUIPMENT, 23-24-25 
JUNE, 1982, KENSINGTON EXHIBITION CENTRE, LONDON 


D.S.N. MARKETING LTD, Westmorland Road, London NW9 9RJ i 


Telephone: 01-204 7246. Telex: 895 4243. 


Trade, Wholesale, O.£.M. & Export enquiries welcome. Sommiuene OOOO O Access Visa No. 
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EPROM EMULATOR 
PROGRAMMER 


EP4000 


The microprocessor controlled EP4000 will 
emulate and program all the popular 
EPROMs including the 2704, 2708, 2716(3), 
2508, 2758, 2516, 2716, 2532 and 2732 de- 
vices. Personality cards and hardware 
changes are not required as the machine 
configures itself for the different devices. 
Other devices such as bipolar PROMs and 
2764 and 2564 EPROMs are programmed 
with external modules. 


The editing and emulation facilities, 
video output and serial/parallel input/out- 
put provided as standard make the EP4000 
very flexible to allow its use in three main 
modes: 


— As a stand alone unit for editing and 
duplicating EPROMs. 


Items pictured are: @ EP4000 Emulator 
Programmer — £545 + £12 delivery; @ 
BSC buffered simulator cable — £39; @ 
MESA 4 multi EPROM simulator cable — 
£98; @ 2732A Programming adaptor — 
£39; @ 2764 Programming adaptor — £64; 
@ 2564 Programming adaptor — £64; @ 


GP Industrial Electronics Ltd. 


— As a slave programmer used in con- 
junction with a software development 
system or microcomputer. 

— As a real time EPROM emulator for 
program debugging and development 
(standard access time of the emulator 
is 300ns). 


Data can be loaded into the 4k x 8 static 
RAM from a pre-programmed EPROM, the 
keypad, the serial or parallel ports and an 


audio cassette. Keypad editing allows for - 


data entry, shift, move, delete, store, 
match and scroll, and a 1k x 8 RAM allows 
temporary block storage. A video output 
for memory map display, as well as the 
built-in 8 digit hex display allows full use 
of the editing facilities to be made. 


BP4 (TEXAS) Bipolar PROM Programming 
module — £190 

Also available (not shown): @ VM10 Video 
monitor — £99; @ UV141 EPROM Eraser 
with timer — £78; @ GP100A 80 column 
Printer — £225; @ P1100 interface for 


EP4000 to GP100A — £65. 
VAT should be added to all prices 


E 


Tel: Piymouth (0752) 332961 
Telex: 42513 


Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN 
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Sinclair versus 
BBC 


When the BBC announced that they had selec- 
ted Acorn to produce their microcomputer, 
Clive Sinclair was furious. He said that he could 
offer “any facilities that the Corporation might 
require at a lower price than any competitor”. 
The Sinclair ZX Spectrum is his attempt to 
prove it and he recently launched it as “not the 
BBC Computer”. In his promotional literature 
he lists features included on the Spectrum and 
compares them with rival colour-display com- 
puters in an attempt to prove that the Sinclair 
can out-perform the others, especially the BBC 
model ‘A’, at less than half the price. 

As he has invited the comparison, it is worth 
taking a closer look at both the BBC model A 
and the ZX Spectrum. The first obvious dif- 
ference is the keyboard. The BBC has a conven- 
‘tional typewriter layout with 73 keys including 
ten user-definable function keys. The Spec- 
trum has 40 keys and some have six functions 
which involves extra shift-keys to get the re- 
quired function. This is offset by the single 
keystroke entry of all the Basic keywords avail- 
able. Unlike the miniature membrane of the 
ZX81, the Spectrum has moving keys at type- 
writer pitch, but instead of concave full-sized 
keys they are in the flat, calculator style. 

The Spectrum offers eight-colour graphics 
with 190 x 256 pixels and 32 x 24 text: other 
modes are user definable. The BBC ‘A’ has a 
choice of modes with four-colour graphics, 160 
x 256 pixels and 20 x 32 characters. Higher 
definition is possible on the BBC ‘A’ at the 
expense of using fewer colours. 

The Sinclair has overcome one of the major 
bugbears of the ZX81, that of loading and 
saving programs and data onto a cassette re- 
corder. The Spectrum has a cassette interface 
that records a tone onto the tape: when loading, 
the computer automatically adjusts to the tone 
so that the correct input level is set. This 
overcomes the automatic recording level fluc- 
tuations on some recorders. The BBC ‘A’ uses a 
test tape to tell the operator when the recording 
level is correct after it has been adjusted 
manually. Spectrum can load a program faster 
at 1500 baud compared with 1200 baud. 

Using a BEEP command, the Spectrum can 
generate sound which may be controlled in 
pitch and duration, but the model A has three- 
voice music synthesis with full envelope control. 

The ZX printer plugs directly into the Spec- 
trum and offers the same high resolution and 
graphics capabilities, without the colours, as the 
screen, and can reproduce anything displayed. 
Model A ‘has no printer interface — it is only 
available on the enhanced model B. An input/ 
output port is available for the Spectrum and 
not for model A. 

The BBC computer uses a version of Basic 
with a very large number of keywords. The ZX 
Basic is an extended version of the ZX81 but has 
fewer keywords than the BBC. Some of the 
more useful keywords available to the BBC 
computer are AUTO for automatic program line 
numbering and RENUMBER. OLD restores a 
‘program that has been released from memory by 
NEW. There are about 30 other keywords 
which are not available on the Spectrum. 
However, there are some on the Spectrum 
which do not occur in model A, especially 
VERIFY which can compare a program which 
has been saved with the original; and MERGE 
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which can combine a program being loaded with 
another in the memory. The BBC seems to have 
more powerful file-handling facilities. In 
practice, both computers will be able to perform 
similar functions but the Sinclair may need 
some additional steps in the more complex 
programs. 

The memory (f.a.m.) capacity of both 
machines is the same at 16K and, while the BBC 
may be expanded to 32K, the Sinclair can have 
48K. The Sinclair claims to have more efficient 
memory ‘packing’ so that more r.a.m. is left 
available when using high resolution graphics. 

BBC model A may be enhanced to model B 
and then has a very wide choice of extra facili- 
ties; analogue inputs, serial and parallel ports. 
An 8-bit Centronics printer port, viewdata and 
teletext buffered extension bus, Red, Green, 
Blue, and sync. outputs and a disc memory 
filing system. So far the Spectrum will operate 
the ZX printer. An RS232 serial interface board 
is to become available soon, as are the 
Microdrives — miniature microfloppy disc 
drives which will hold up to 100Kbytes of data. 
Eight of them may be linked together. Each 
Microdrive will cost about £50. The prototype 
Microdrive demonstrated by Sinclair recently 
was only about 70mm wide, so the discs are very 


When we come to compare the prices, the 
Sinclair has the distinct advantage. The basic 
model costs £125 and the 48K memory model, 


Clive Sinclair with his new colour graphics computer the ZX Spectrum 


£175. BBC model A cost just under £300 and 
model B, £400. The Sinclair ZX81 attracted a 
wide variety of peripherals from other manufac- 
turers: at a recent computer fair there were 
demonstrations of high resolution graphics, in- 
terface for all kinds of equipment including full- 
size parallel printers, music synthesizers and 
even colour graphics. If the ZX Spectrum at- 
tracts similar support from these manufactur- 
ers, or others, it seems there could be few limi- 
tations to its abilities while remaining within the 
price ceiling set by its rival. ; 

Meanwhile, Sinclair Research will continue to 
produce and sell the ZX81. 400,000 have been 
sold in a year and Mr Sinclair believes that it is 
still the best introduction to computing for 
those unwilling to undertake a higher financial 
commitment. The price of the add-on 16K 
r.a.m. has been reduced to £30 but the ZX 
printer increased to £60. Despite the high 
profits of Sinclair Research over the last year, 
Sinclair is looking for more capital to finance 
some of their other activities including Clive 
Sinclair’s pet project, an electric car. For this he 
is investigating the possibility of selling some 
shares in the company. 

Sinclair might not lead the low-cost colour 
computer market for long. It is rumoured that 
Acorn, the makers of the BBC computer, are to 
produce their own colour device, the Electron, 
for about the same price as the Spectrum. 


Flat-screen 
“scope 


It is often forgotten that liquid crystals are a 


British invention and that their development at 
the Royal Signals and Radar Establishment 
earns the UK royalties from all over the world. 
The earlier ‘twisted nematic’ 1.c.d used in digi- 


_ tal watches and calculators need polarized light 
to make them visible, but the newer ‘dye-phase- . 


change’ |.c.d use the optical properties of dyes, 
dissolved in the liquid crystal, which make them 
brighter and not subject to the restricted 


viewing angle of the earlier type. The de- 
velopment of these displays has enabled them to 
be made much larger. This, however has led to 
problems of addressing and driving the display . 
elements. Time division multiplexing may be 
used but the limit has been achieved in a 
message display with four lines of text. 
Oscilloscope displays are fractionally easier to 
produce as the information displayed is simpler 
in form than that presented on message 
displays. It is usually necessary to distinguish 
only one element in each column for a waveform 
to be displayed. The method invented by Dr Ian 
Shanks of the RSRE uses row and column drive 
waveforms which are divided into discrete time 


67 


periods. In each period the drive waveform is 
either on or off associated with the logic states 
‘1’ or ‘0’ respectively. The drive waveform is 
therefore binary and the sequence of logic states 
may be repeated every 30ms. The waveforms 
can be supplied by standard c.m.o.s. logic cir- 
cuits, unlike message displays which need 
special decoder/drivers. Unfortunately direct 
voltages cannot be used to drive liquid crystals. 
They would cause chemical decomposition. 
This problem is overcome in the *scope display 
by generating pseudorandom binary sequences 
in the drive waveforms. A different waveform 
may be applied to each row of the display. Any 
of these or a different set of waveforms are also 
applied to the columns. Only when the same 
waveform is applied to both row and column in 
the matrix will there be no voltage difference 
and so that element will be ‘off’. As there will be 
a voltage difference on all the other elements in 
the column, they will be ‘on’ and therefore 
distinguishable. The vertical height of the ‘off’ 
element is determined by the choice of wave- 
form for that column and this is in turn deter- 
mined by the value of the sample taken from the 
input signal waveform. As the ‘off’ element de- 
pends on zero voltage difference, the device is 
not sensitive to voltage changes caused by tem- 
perature and full performance is maintained 
under a variety of conditions. 


A display using this system was incorporated | 


into a prototype oscilloscope at the RSRE, Mal- 
vern, with a 100 x 100 element matrix. In 1977, 
the NRDC invited Scopex to see the work at 
Malvern and this has eventually led to the de- 
velopment and production of the first commer- 
‘cially available flat screen oscilloscope. The Sco- 
pex Voyager has a 128 x 256 element display 
with a graticule of 60 x 100mm. The bandwidth 
is d.c. to 150kHz sampled eight times for each 
cycle. Analogue signe!s are converted to digital 
using a successive approximation method. The 
7 bit digital words so produced are written into 


ar.a.m. in a location which corresponds to its. 


position in relation to the timebase or X-axis of 
the instrument. The contents of the r.a.m. at a 
particular address are used to define the pseudo- 


The Scopex Voyager oscilloscope is the first commercially available to include a flat l.c.d., 
making it smaller and with lower power requirements than conventional instruments. 


random binary sequence waveform for the co- 
lumn corresponding to that address and thus the 
vertical level of the display element. Waveforms 
can be up-dated or held in the r.a.m. This gives 
a stable image to the display which does not 
flicker or fade. A ‘save memory’ function allows 
a waveform to be stored after the instrument is 
switched off. Waveforms from different sources 
may be compared using the dual-trace function. 
There is also a pre-trigger function. The use of 
an external timebase or X input converts the 
oscilloscope to an XY plotter. ` 

At the analogue input end of the ’scope, Sco- 
pex have retained their ‘easy to use’ philosophy, 


using as few external controls as possible. To 
this end, the vertical amplifier, trigger and 
timebase controls are similar to those on Scopex 
analogue oscilloscopes. There are two Y inputs 
to provide a dual-trace and in order to cope with 
the 7-bit resolution and the 1.25MHz conver- 
sion rate, a switching speed of 60ns is achieved 
using a Schottky diode ring gate. The ’scope is 
powered by rechargeable internal batteries 
through a switch-mode supply. All this is 
housed in a plastics case and weighs only 2.5kg. 
Along with probes and a battery charger it is 
presented in a leather briefcase for £2,500. 


The Datakey contains an e.a.r.o.m. 
It fits on a keyring, is virtually 
indestructable and the contents of 
the memory are not affected by 
electromagnetic fields. 


oo 


Memory key- 


Plastic credit cards can be damaged or stolen, 
the magnetic strip information can be copied 
and is limited in the amount of information that 
can be stored. An alternative has been produced 
by a manufacturer of plastic cards, Data Card 
International, which is a plastic key incorporat- 
ing an electrically alterable read only memory 
(c.a.r.0.m.). The memory has a capacity for 300 
characters and the key is used in conjunction 
with a keyhole or ‘Keyceptacle’, (sic), with the 
appropriate electrical contacts and a ‘Keytroller’ 
— a micro-controlled interface unit which 
allows the contents of the key to be commu- 
nicated to a host computer. The Keytroller also 
‘manages’ the data so that the most efficient use 
is made of the memory. . 
The system is inherently secure as the details 
are entered at random. Sections of the data may 
be protected by access codes and the memory is 
sufficient to contain a variety of details or per- 
sonal data known only to the keyholder. If any- 
one were able to copy the key, it would be no 
good without the knowledge of the appropriate 
codes. 
The Datakey, as it is called, can be used for 
access to areas or machines that are secure 
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against unauthorised users in much the same 
way as a plastic card. It has many additional 
uses as it can contain a programme for almost 
any computer or controller. Thus it may be used 
for work and time logging, for monitoring 
patients or medical staff, for vehicle records etc. 

A particular advantage of the system is the 
ability to alter the contents of the memory. It 
can hold details of an account, and money or 
other token units may be added to or subtracted 
from a total held in the memory. This enables it 
to be used as a credit card to be used with a 
variety of vending or dispensing machines. An 
example is the dispensing of petrol at a pump 
controlled by the key. 

A further example of the use of the key is the 
Storage of instructions for a machine tool. A 
change of key instantly changes the instruction 
set without the need for re-programming or 
loading punched tape. Keys may be used in 
combination with one key specifying a product 
type while another may hold details which may 
vary within the type. 

A Datakey development system, including a 
number of the keys and a keyboard/display pro- 
gramming unit, is available to OEM customers. 


Sir Kenneth Corfield (right) receives the 
Royal Charter of the Engineering Council 
from John Wakeham, Under-Secretary of 
State for Industry. The Council was set up 
as a result of the Finniston Report to act ‘as 
an engine for change in shifting national 
attitudes and priorities’. The new Council 
will take over most if not all of the 
executive functions of the Council of 
Engineering Institutions, especially the 
supervision of the training and 
qualifications of engineers. The CEI has 
agreed that ‘when the time is right’ it will 
seek agreement of its members to transfer 
the Engineers Registration Board. The right 
time depends on the Engineering Council 
and is likely to be in about two years. If the 
new Council assumes all the functions of 
the CEI, then the CEI will ‘undoubtedly 
wind itself up’, according to Bryan Hildrew, 
the retiring Chairman of the CEI in his 
foreword to the CEI Annual Report. 
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These miniscule plastics bobbins are used in cassette tape recording heads. The sort of 
thing that one associates with far Eastern manufacturers, these are made in Alcester, 
Warwickshire and exported to the Far East by Dyncast International, who have. won a 
contract for eight million of them. 


Intelsat VI — 
a new series 


Five new Intelsat telecommunications satellites 
will offer three times the capacity of the current 
series V, and will be in operation by 1987. 

The satellites are to be built by the Hughes 
Aircraft Company who will be joined by an 
international team of subcontractors. British 
Aerospace has a major role with about £50 mil- 
lion worth of orders over a seven-year period. 
After the initial five there is an option for eleven 
additional spacecraft. 

Each satellite will be nearly 12m tall and 4m 
in diameter with a weight of 1,800kg. The solar 
panels will generate 2,200W to power up to 
33,000 two-way telephone channels and four tv 
channels. 


The - spacecraft has been designed for 
launching by both the ESA Ariane and the 
NASA space shuttle. As the shuttle does not 
reach the required altitude for geosynchronous 
orbit, there needs to be an additional booster 
stage and a system for launching the satellite 
from the shuttle. BAe will design and build the 
cradle for carrying the spacecraft in the shuttle 
bay. This will include electronics units and the 
power and signal interface which connects the 
shuttle and spacecraft. They will also design and 
build the C and K band dish reflectors, other 
structures and wiring harnesses. 

British Telecom has the second largest share 
in the International Telecommunications Satel- 
lite Organisations of which there are 106 mem- 
bers. The new satellites will help BT meet the 
demand for international telephone calls which 
grows at a rate of more than 20% each year. 


` 
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In brief 


80% useful energy conversion is claimed for 
NASA’s latest fuel cells. Forty-five fuel-cell 


‘plants each housed in cabinets 2.7x1.5x2m 


and capable of generating 40kW, are to be 
installed experimentally in various sites around 
the U.S.A. The fuel cell power generators 
produce electricity. from hydrocarbons by first 
converting to a hydrogen-rich fuel and then 
feeding it to one electrode in a cell of phosphoric 
acid electrolyte, while the other electrode is fed 
with oxygen. The cells produce heat as well as 
electricity and if the heat is used for heating 
homes or commercial buildings, the combined 
output of electricity and heat represents an 
energy conversion factor of about 80%. This 
compares with about 30% energy conversion 
from conventional electricity generators. : 


Home Radio (Components) have moved to 169 
London Road, Mitcham, Surrey; their address 
for postal enquiries remains at PO Box 92, 215 
London Road, Mitcham. They may be 


contacted by telephone at 01-648 3077. 


Thomson-CSF claim the world’s fastest inte- 
grated circuit operating at room temperature, 
an ll-stage ring oscillator with a gate delay of 
only 22 picoseconds. Structured from gallium 
aluminium arsenide/gallium arsenide junctions, 
the molecular-beam expitaxial process used is 
capable of controlling the crystal growth of the 
various layers down to the thickness of a single 
atomic layer. 


On 5th April, a ‘magazine’ called Electronic 
Insight appeared on Prestel. This publication is 
intended to provide news, comment, product 
information and advertizing concerning 
electronics and telesoftware for microcomputer 
users. The potential exists to update news by 
the minute — 24 hours a day — and readers can 
pass from product news to product feature to 
comparison chart to stockists and retailers 
quickly. The magazine’s editorial and commen- 
tary “maintains a fully independent view”, says 
the publishers. 


LEAKY FEEDER 
~ COMMUNICATION 
IN TUNNELS | 


Since the earliest days of radio — and certainly before the advent of broadcasting — 
attempts have been made to apply it in mines and tunnels using conventional apparatus 
of the day and relying on natural propagation of the waves. All these efforts were 
doomed to failure, and the reasons are now well understood: radio waves cannot 

i propagate usefully in such conditions by any natural means. 


Radio waves cannot propagate naturally to 
any useful extent in mines and tunnels. 
Since about 1920, many attempts to use 
radio in such conditions have been made, 
without success. 

There are. two important exceptions to 
this generalization. At- very low 
frequencies, certainly below any used for 
broadcasting, there is a limited capability 
.of waves to penetrate rock or other strata. 
This property has recently been 
thoroughly investigated in the USA and 
exploited in the development of equipment 
intended for possible communication with 

` trapped miners from the surface above. 
Through-the-earth ranges of up to 300 m 
have been demonstrated, but speech 
modulation is not practicable at the very 
low frequencies necessary and so the 
system uses baseband . audio-frequency 
induction (for the ‘down-link’) and a coded 


c.w. carrier (for the ‘up-link’). The - 


possibilities have been studied but 
discounted for British mines, where 
average depths are greater and mining 
techniques less suitable, though 
equipment operating at slightly higher 
frequencies and using speech modulation 
has been successfully used by cave 
explorers. Useful ranges with speech 
modulation have also been achieved in 
South African mines, where geological 
conditions seem more favourable for 
propagation, and special equipment 
developed!. 

At the other end of the practical radio 
spectrum, waves in the u.h.f. range and 
above can often propagate usefully 
through a tunnel in what amounts to a 
waveguide mode, as first demonstrated by 
such investigators at Foot”. This forni of 
communication is now being considered 

. seriously by British Rail, whose 
operational train communications are 
normally in the standard mobile radio 
u.h.f, band following agreed European 
practice, and is also being investigated for 
the National Coal board by the University 
of Surrey. Negotiation of obstacles is the 
obvious difficulty, and in mining 
applications some practical means would 
need to be devised for re-directing the 
waves round a corner. 

In 1955 Wyke and Gill? reviewed the 
situation as they then saw it with regard to 
mine communications and their paper 
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by D. J. R. Martin, 
B.Sc., Ph.D., F.Inst.P., F.LE.R.E. 


‘gives many interesting references to the 
futile earlier experiments. One such 
investigator, in sheer negation of the 
traditional scientific attitude, made the 
infamous remark ‘as successful means of 
wireless communication have not been 
discovered, details of the apparatus used 
and experiments carried out have not been 
included in this paper’. 

Wyke and Gill themselves drew 
attention to the possibilities of inductive- 
type communication in coal mines, using 
frequencies in the range 15 to 150 kHz and 
relying on ‘guidance’ by any conductors 
present, such as power cables and. 
‘telephone lines. Suitable equipment was, 
in fact, developed over the next decade or 
so and became a standard attachment to 
underground locomotives and cable- 
hauled man-riding trains. Generally, it was 
found worth while to install special well- 
positioned conductors or ‘guide wires’ for 
the purpose. By this means, reliable 
communication over distances of a 
kilometre or so could be obtained, 
especially if the conductor wire were 
galvanically connected to the base station 
instead of relying on inductive coupling 
there. 

While fulfilling an important need in 
mine vehicular communications, the 
inductive equipment never achieved any 
success as a two-way personal system. The 
reasons for this were the fairly high 
transmitter powers required (about 5 W) 
and the resulting heavy batteries, the 
cumbersome loop or frame aerials 
involved, and the need for fairly close 
coupling to the conductor wire. In all 
applications, trouble was experienced with 
‘blind spots’ or standing waves on the line, 
due to a lack of appreciation of the need for 
correct impedance termination or periodic 
phasing, and this often was the limiting 
factor on range. Such inductive systems 
have now been completely superseded in 
UK coalmines by the later developments 
to be described, though they are still used 
widely in some overseas countries, notably 
the USA and West Germany. 


The key to the revolution in 
underground communications came in 
1956 with the publication by Monk and 
Winbigler* of a paper describing how 


v.h.f. radio communication had been 


successfully maintained with a moving 
train in a long railway tunnel. Following a 
logical idea, they first installed a standard 
coaxial cable (RG-8/U) through a section of 
the tunnel, connected to a normal base 
station at one end and having dipole aerials 
bridged across it at frequent intervals. 
This worked extremely well, and so the 


` spacing between the aerials was then 


progressively increased until they had all 
been removed; good communication was 
still maintained throughout the length of 
the section, although it had not been 
possible before the installation of the 
cable. It became clear then, that the 


The author 
Since graduating as a physicist at 
King’s College London in 1945, D. J. R. 
Martin has run the gamut of the spec- 
trum from d.c. to microwaves. At 
BSIRA (now the Sira Institute) he de- 
vised new techniques in low-level d.c. 
amplification and a.c. voltage stabili- 
zation. On joining the National Coal 
Board in 1958 he developed remote- 
control systems for roof supports in 
the automatic-coalface projects of the 
time, and introduced loudspeaking 
telephones to the coalface. 

At the same time he became fasci- 
nated by the propagation problem 
which had for so long defeated all 
attempts at radio communication un- 
derground, and eventually obtained 
approval to embark on a full-time 
investigation. 

“He studied the scientific basis and 
developed the technology extensive- 
ly for mining use; for this work he 
received his doctorate in 1973 — and 
was married in the same year. 

He has continued to specialize in 
the subject, working closely with col- 
leagues in Europe and North America. 
tn 1981 he took early retirement from 
the NCB to work privately in the field. 
At present he is helping to supervise a 
study of microwave propagation in 
mine tunnels, being undertaken by 
the University of Surrey on behalf of 
the NCB for possible application in 
underground rescue operations. 
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Line toss 
z Coupling 

toss 
Fig. 1. Diagram of the basic leaky-feeder 
principle, depicting how the base station B 
communications both ways with the 
‘mobile station M through the leakage fields 
of the feeder LF. The total path loss is made 


up of two components, the line loss and 
the coupling loss. 


communication was through the stray 
fields of the cable, and there was born 
what is now known as the ‘leaky feeder’ or 
‘leaky cable’ principle. 

With the realization that the cable itself 
was providing the necessary fields, the 
obvious next step was to substitute one 
known to have a higher leakage, and so a 
change was made from the coaxial to an 
unscreened two-wire line, a rather heavier 
version of the ’ribbon feeder’ or ‘twin-lead’ 
then in common use for television 
downleads. This was also a more 
economical type of cable to use in terms of 
longitudinal attenuation for weight of 
copper. 

- Following this pioneering work of Monk 
and Winbigler, the leaky feeder principle 
was applied for communication in several 
American underground railway systems, 
notably the New York Subway, 
substantially unchanged in detail. But it 
was ignored by mining interests 
worldwide, and also in the UK generally, 
until the present author® commenced an 
investigation into its possibilities for 
mining use in 1966 at the same time that 
similar interest was being shown in 
Belgium’. Since then, the subject has been 
well served with expert theoretical and 
practical investigation in several countries, 
leading to a deeper understanding of the 
basic processes involved and improved 
designs of feeder cable, as will be 
described in this part of the article. At the 
same time, it has been appropriate to 


_ develop new and dedicated systems 


techniques to complement the new basic 
principle, and these will be described in 
Part 2. 


Leaky-feeder principle 

The basic leaky-feeder principle is illus- 
trated in Fig. 1: B is a conventional two- 
way radio base station; LF is the leaky 
feeder, installed throughout the tunnel or 
environment where communication is re- 
quired and connected to the base station in 
lieu of a normal aerial; M is a conventional 
two-way mobile or personal radio set, com- 
municating with the base station through 
the leakage fields of the feeder. 

The total path loss between the base 
station and the mobile is made up of two 
components: (a) the transmission loss 
within the feeder itself, between the base 
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station and the region of the feeder in the 
vicinity of the mobile; and (b) the ‘coup- 
ling loss’, which is measured between the 
same region of the feeder and the aerial 
terminal of the mobile set. 


Note that no assumptions are made here 


about the direction of transmission; the 
overall path is truly reciprocal, and so the 
principle is valid equally for mobile-to- 
base as for base-to-mobile communication. 
However, the processes involved are 
perhaps easier to visualize as operating in 
the base-to-mobile direction, and so con- 
„sideration of coupling loss especially is 
usually from that point of view. Much of 
the theoretical work on the subject is 
similarly oriented; experimental obser- 
vations, on the other hand, are often more 
conveniently based on the reciprocal path, 
with a mobile source inducing signals into 
the feeder. Reciprocity, of course, applies 
to the signal transmission only, and ex- 
cludes the effects of any external interfer- 
ence or internal noise sources in the path; 
this factor is important when system as- 
pects are considered, and will be covered 
in Part 2. i 

It may also be noted in passing that a 
leaky feeder may be used to allow direct 
communication between mobiles, without 


. the intermediary of a base station. In this 


case the feeder operates in a purely passive 
or ‘parasitic? mode, and two coupling 
losses are involved in the path. This form 
of operation was the basis of the pioneering 
Belgian work’. l 

Consider now the separate loss compo- 
nents shown in Fig. 1. The feeder is basi- 
cally a transmission line, in spite of its 
leakage, and so the signal within it will 
decay exponentially along its length — that 
is, the loss in dB will be directly proportion- 
al to distance. Generally, this attenuation 
will still be largely determined by the nor- 
mal copper and dielectric losses, the 
leakage contributing little, and so a heavier 
and thus more expensive cable will give 
correspondingly better performance in this 
respect. It also follows that the attenuation 
rate is a stable characteristic which can be 
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closely predicted or specified in the design 
.of the cable. 
The coupling loss, on the other hand, is 

a vague and variable quantity, being a 
function not simply of cable leakage 
(however that may be assessed) but also of 
the cable mounting, the environment, the 
characteristics and polarization of the mo- 
bile aerial and its distance from the cable. 
In a tunnel or any enclosed space - 
Pronounced multipath effects will in- 
evitably occur, causing the ‘instantaneous’ 
value of the coupling loss to vary by 20 dB 
or more over short distances. Figures for 
coupling loss attributed by manufacturers 
to their cables, usually in unrealistic condi- 
tions, should be taken only as a very rough 
guide; an experienced system designer will 
prefer to work with more measurable fun- 
damental characteristics of the cable to- 
gether with a knowledge of its construction | 
and a consideration of the environment 
and application concerned; in this particu- 
lar respect the subject is best regarded as 
an art rather than a science. 

The longitudinal attenuation of the 
feeder, again, is a well-established in- 
creasing function of frequency, which on 
this account should be set as low as pos- 
sible. The leakage fields are generally con- 
sidered to be substantially independent of 
frequency; however, other factors such as 
the size and efficiency of mobile aerials, 
the availability of suitable equipment or 
the need for compatibility with surface 
systems have discouraged the use of fre- 
quencies below 30 MHz. One therefore 
finds most applications of the leaky feeder 
principle operating in the standard v.h.f. 
mobile radio bands, with a minority in the 
h.f. and u.h.f. ranges. 


Bifilar lines 

For a decade or so following the original 
Monk and Winbigler publication, un- 
screened bifilar or ‘balanced’ types of line 
were used exclusively as leaky feeders, and 
were shown capable of giving very satis- 
factory performance. It became clear, in 
fact, that the high field strengths being 
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P= cenxial mode velocity ratio 


Fig. 2. Typical long standing wave as predicted to occur on a leaky feeder near the base 


Station or any discontinuity as a result of waves travelling with differing velocities and 
attenuation rates (based on a computer analysis by A. M. Schmidt, Technische Hogeschol, 


Delft, Netherlands). 
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encountered in practice were far higher 
than would be ex A ab theoretically from 
balanced cables!®, and this led to the 
conclusion that an imperfection or imba- 
lance was the key factor in the success of 
the schemes. Such imbalance would result 
from inevitable assymmetries and irregula- 
rites in the mounting arrangements and in 
proximity effects, and led to the postula- 
tion of a continuous or continual in- 
terchange of energy between the low-field 


balanced mode and the high-field unba- ` 


lanced or ‘monofilar’ mode; the balanced 
or ‘bifilar’ mode provided the longitudinal 
transmission, while the monofilar mode 
provided the coupling to the mobile set. It 
was shown experimentally that improving 
the balance by twisting the feeder, as 
might be expected, improved the longitu- 
dinal transmission at the expense of the 


leakage field, while ‘careless’ installation of - 


an untwisted line close to metal structures 
or other cables would enhance the field 
` locally to the detriment of the longitudinal 
transmission. 

Deryck’ has extensively studied the use 
of bifilar lines as leaky feeders, and has 
devised discrete ‘mode converters’ for in- 
troducing a controlled interchange of 
energy at specific points in a feeder!! 

Bifilar lines were intially considered for 
the first UK coal-mine system, commis- 
sioned at Longannet in 1970; the require- 
ment there was for a radio system to serve 
a single 9 km tunnel linking four mines 
underground. But conditions there are ex- 
tremely wet, and precautionary test 
showed that in such an environment the 
longitudinal attenuation of the simple ‘rib- 
bon feeder’ proposed for use rose dras- 
tically and became extremely unstable. In 
the following years, evidence also came to 
light that bifilar feeders installed in the 
early railway stems were suffering from the 
effects of build-up of grime on their sur- 
faces, and some were having to be cleaned 


regularly. 


Coaxial feeders 

For the Longannet system, further tests 
were made using a standard low-loss coax- 
ial television downlead in which the outer 
conductor braid was applied in a ‘loose 
weave’ for cheapness and which could thus 
be presumed to have a high leakage. It was 
confirmed that this cable had broadly suit- 


Typical leaky cable of the open-braided 
type. The dielectricis of semi-airspaced 
thread-and-tube construction, for 
maximum velocity ratio (about 0.87). The 
inner sheath is of polythene, the outer of 
pve. 


72 


able characteristics for a leaky feeder: the 
longitudinal and coupling losses were both 
less favourable than those of the ribbon 
type in clean and dry conditions, but they 
were completely stable against surface 
moisture and grime, and the cable could 
even be installed close to a wall or along- 
side other cables without detriment to the 
attenuation. This experience established 
the open-braided coaxial type of feeder as 
the standard for use in UK mines, though 
the actual cables used are specially de- 
signed heavier versions than television 
downlead in the interests of robustness and 
a lower attenuation. This move back to- 
wards coaxial feeders has also been fol- 
lowed generally i in railway and other trans- 
portation systems. 

With the general adoption as coaxial 
types of leaky feeder, the need arose for a 
better understanding of their mode of 
operation, rather than the vague notion of 
leakage of energy through the interstices of 
the braid. At that time, screening effi- 
ciency of coaxial cables was assessed in 
terms of a ‘surface transfer impedance’, a 
measurable characteristic of the braid 
alone. From this starting point, the pre- 
sent author developed a theory of contin- 
uous ‘mode conversion’, analogous to that 
of Deryck for bifilar lines, with the surface 
transfer impedance replacing the casual 
assymmetries of the bifilar line’. This led 
directly to some useful practical improve- 
ments and also predicted effects which 
have since been confirmed in experience, 
though the subject has now been dealt with 
more rigorously and elegantly by such 
writers as Wait!” and Delogne’?. 

The first important conclusion from the 
theoretical work .— and in truth a prior 
hunch which had prompted it — was that 
the internal phase velocity of the cable in 
its normal coaxial mode was a key factor in 
determining the leakage fields, along with 
the more obvious surface transfer im- 
pedance of the braid. In fact, changing the 
dielectric from solid polythene to a semi- 
airspaced construction was shown to im- 


prove the external coupling in typical con- - 


ditions by 20 dB — a change that would 
otherwise correspond to a reduction in 
braid cover, for example, from 93% to 
39%. Unfortunately, the relationship is 
not a simple one, involving also such in- 
tangibles as the attenuation rate and the 
characteristic impedance of the line in its 
monofilar mode, parameters which must 
depend heavily on the environmental con- 
ditions. It is therefore not possible to for- 
mulate a ‘figure of merit’ for a particular 
cable for direct comparison purposes; the 
individual parameters and a knowledge of 
the environment have to be considered 
together. 

A further prediction from the theory 
was the existence of standing-wave effects 
on the line, quite separate from any 
multipath effects in the environment and 
any reflections which may occur from a 
mis-termination of the line. Potentially the 
most serious of these disturbances occurs 
towards the beginning of the line where 
the base station is connected, and arises 
from the inadvertent launching of a faster 
wave, travelling at near free-space velocity, 


v 


in monofilar mode on the outside of the 


feeder. Of near-identical initial amplitude 
to that of the ‘true’ leakage field, and in 


initial phase opposition, it results in a mo- 


dal-interference standing wave being set 
up on the line — and thus in the near field 
— with a wavelength several times the 
free-space wavelength. Fortunately, it de- 
cays at the rate of the monofilar mode 
attenuation, which is generally quite high; 
further, its effects near the base station are 
mitigated by the lower system loss there, 
reducing the seriousness of any ‘dropouts’ 
which might result. In theory, it would be 
possible to suppress the launching of the 


‘ interfering wave, or to launch another in 


phase opposition; however, the wave can 
be regenerated subsequently by any 
discontinuity, such as in mounting ar- 
rangements, which might occur further 
down the line. The effects have not proved 
serious or even noticeable in the opera- 
tional systems now being installed by Lon- 
don Transport. 

A typical long standing wave effect at 


the beginning of a line is illustrated in Fig. © 


2, which also shows the advantage in 
coupling obtainable through using a cable 
with a semi-airspaced dielectric (p=0.87) 
rather than foam (p=0.82). Both curves 
are for a frequency of 72 MHz, and assume 
coaxial-mode and monofilar-mode attenua- 


tion rates of 36 dB/km and 0.3 dB/m 


‘respectively. The monofilar-mode velocity 
ratio is taken as 0.95. 

The theory has also served to discount 
early fears expressed that any attempt to 
introduce in-line amplification into a leaky 
feeder would risk instability through feed- 
back between the outgoing and incoming 
sections of feeder unless non-leaky ‘tails’ 
were introduced. In fact, it can be confi- 
dently shown that with a typical feeder, 
such as the standard NCB open-braided 
type, repeater gains of well over 100 dB 
would be necessary to incur such risk. 


Field characteristics 

Confusion has occasionally arisen over the 
use of the terms ‘monofilar mode’ and 
‘mode conversion’ in the operation of coax- 
ial leaky feeders. In his early coupled-lines 
treatment the present author looked upon 
the monofilar mode as being the whole of 
the field external to the cable, and upon 
mode conversion as a continuous process 
which maintained it. In this simple view, 
the standing wave at the source as seen as a 
natural process of establishment and 
‘synchronization’ of the mode. Later 
workers!?, 13 have taken the analysis 
further and resolved the external field into 
two major components. One of these is 
identified as the true leakage or ‘spilling 
out’ of the inner coaxial mode, travelling at 
coaxial-mode velocity and reaching its full 
amplitude immediately at the source. The 
other is the ‘inadvertent’ wave, launched at 
the source and at every discontinuity, and 
now accounting by interference for the 
long standing waves; this wave alone may 
be truly designated the ‘monofilar mode’, 
travelling strictly at monofilar velocity and 
also decaying at the higher monofilar rate. 
‘Mode conversion’ becomes a discrete 
process, occurring only at the launching 
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points of the monofilar mode. 

Resolving the wave on the line into two 
major components in this way simplifies a 
prediction of the nature of the resulting 
fields away from the line. It has been 
pointed out that the true monofilar mode 
will have a larger effective radius from the 
line than the continuous leakage mode, by 
virtue of its higher phase velocity. The 
relevant relationship approximates to 


S Lp 
© 2n(1—p) 


where r, is the effective radius, the free- 
space wavelength and p the velocity ratio 
(in comparison with free space). 

Thus, the leakage field of a typical solid- 
dielectric cable (p = 0.67) at 85 MHz 
would have a radius of 1.14 m. Use of a 
foam dielectric cable (e.g. ‘Radiax’, p = 
0.82) would increase the radius to 2.6 m. 
Changing to a semi-airspaced type (e.g. 
NCB standard, p = 0.87) would increase it 
to 3.8 m. Against these figures, the veloc- 
ity ratio of the monofilar mode is very close 
to unity and its effective radius will be 
several times greater again. 

In fact, experiments in the Mersey (No. 
1) tunnel have shown the field at 170 MHz 
to be reliably maintained across the full 
width of the 12 m carriageway from a 
feeder of semi-airspaced construction 
installed along one side. This suggests that 
in such practical situations of larger tun- 
nels (or higher frequencies) the monofilar 
mode resulting from ‘inadvertent’? mode 
conversions must contribute substantially 
and usefully to the observed fields, though 
in smaller tunnels the effects are probably 
detrimental. 

Whichever mode is considered, the phy- 
sical picture of the external field is of a 
TEM wave with the outer conductor of the 
cable forming the inner conductor of a 
larger coaxial structure having the tunnel 
wall as its outer conductor. At low propa- 
gation velocities or higher frequencies, or 
in larger tunnels, the electric field lines 
will tend to curve and eventually will break 
away from the tunnel walls and return to 
the cable, in the manner of a Goubau wave 
supported entirely on the cable. 

In this picture, the communication is 
entirely through induction fields, and so 
the use of the term ‘radiating cables’ in 
respect of leaky feeders in general is incor- 
rect. It is true that any discontinuity which 
causes mode conversion may in the same 
process provoke ‘inadvertent’ radiation; 
this may be useful or even necessary in 
larger tunnels or at higher frequencies by 
extending the field in the same manner as 
the monofilar mode, but otherwise the 
effects are more likely to be detrimental by 
setting up long standing waves. 

The simple picture becomes compli- 
cated by severe distortions in the fields, 
caused by irregularities and obstacles in 
the tunnel and by the induction-field equi- 
valent of radiation ‘multipath’ effects. Po- 
larization away from the feeder in such 
conditions is generally found to be random, 
while signal amplitudes can vary locally by 
the 20 dB or so that is typical for conven- 
tional mobile radio schemes in heavily 
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built-up areas, But, as will be seen later in 
discussions on systems techniques, there 
need be no difficulty in accommodating 
such variations. 


Practical feeders and 

their installation 

Bifilar feeders have the advantage of being 
comparatively cheap and lightweight, but 
‘their use should be considered only in 
clean and dry conditions where they can 
also be installed at least 20 cm clear of 
walls, structures and other conductors; 


even then, their variability makes them 
unsuitable for use in long repeatered 
systems. The one-time favourite type, RG- 
86/U, has in fact not been manufactured 
for several years. 

A bifilar type could, however, meet a 
need for an extemporized system in a dry 
and clean underground environment such 
as the worked-out stone quarries that have 
been used as store depots in Wiltshire, or 


for a temporary system for use during 


maintenance of a dry tunnel. A good 
choice in such a situation would be 3000 


Fig. 3. Types of feeder used in underground communications. At (a) is a foam-dielectric, 
open-braid coaxial type, and at (b) and (c) two kinds of bifilar feeder for use in clean 
conditions. A solid-dielectric cable with an open braid is seen at (d). The open-braid coax. 
at (e) has a ‘thread and tube’ semi-airspaced construction and (f) shows an early design 
with a continuous slot in the outer. Two kinds of cable witi discrete holes are (g} with 
punched apertures and thread-and-tube and (h) Radiax, which has milled holes inthe 


screen and foam dielectric, 
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Leaky feeder installed in a coal mine. A line-powered repeater of early design is visible at the 
top of the picture. 


‘ribbon feeder’, such as BICC type T3101 
or T3129. However, it may well be found. 
that this has to be made to order; in any 
case, for reasonably long unbroken lengths 
it is usually necessary to place a special 
order with the manufacturer. 

In the type of use envisaged, a bifilar 
line can be suitably installed by suspend- 
ing it in loops of nylon cord below existing 
cables or from any convenient brackets or 
fixings. Suspension from a tunnel roof, 
rather than attachment to a wall, will nor- 
mally ensure the necessary clearances more 
easily but otherwise will not substantially 
affect the performance. Such an installa- 
tion can be used simply in parasitic mode 
to enhance the communication between 
two or more personal radio sets over ranges 
up to a kilometre; or the range might be 
increased by connecting one end of the 
feeder directly to one of the sets — ideally 
through a balun but not essentially so. It is 
not necessary to terminate free ends of the 
feeder in any way. 

In any more permanent or vulnerable 
application, the use of a coaxial type of 
feeder is advisable. Of the various con- 
structions that are now available, many 
experienced users still prefer the original 
‘open-braided’ type for its mechanical flex- 
ibility, comparative cheapness and insensi- 
tiveness of its internal attenuation to 
mounting arrangements. Such cables are 
available with a semi-airspaced dielectric 


construction (such as ‘thread and tube’) ~ 


which ensures the high internal velocity 
ratio (about 0.87) that is so advantageous 
in respect of both general coupling level 
and the effective radius of the field. 

A braid coverage factor of 67% is 
typical, giving a surface transfer im- 
pedance of perhaps 700 mQ/m at 30 MHz, 
the usual reference frequency for that mea- 
surement. Generally, a braid with a fairly 
long ‘lay’ (smaller braid angle) gives the 
best compromise in attenuation and coup- 
ling for a given weight of copper. But de- 
creasing the braid angle below about 30° 
may unduly weaken the cable against 
bending, and the situation is also in- 
fluenced by systems aspects such as the 
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span loss between repeaters. 

Braided leaky cables are usually 
supplied with a polythene sheath, either 
alone or with a pvc outer sheath for flame 
retardance and mechanical protection. The 
polythene itself is usually considered 
necessary for waterproofing, though the 
need for that with a thread-and-tube 
dielectric might be queried. 

Like all coaxial leaky feeders, braided 
cables will usually give a better coupling 
performance if spaced away from contin- 
uous conducting surfaces and other cables. 
On the other hand, an occasional or 
periodic proximity of metal (as might 
occur in the fixing arrangements) will of- 
ten enhance the general coupling by set- 


‘Leaky’ or ‘radiating’? ‘ 

The terminology to be used in refer- 
ring to these ‘assisted-propagation’ 
techniques and systems has been a 
bone of contention for several years. 
The committee organizing the 1974 
Guildford conference {see refs. 10 to 
14) decided upon ‘leaky feeder’ in pre- 
ference to ‘radiating cable’ on the 
main grounds that the basic process 
involved was probably not one of 
radiation but induction, an assump- 
tion now generally confirmed by 
theorists. The distinction is not simply 
one of distance from the cable, as 
would be the case for a normal aerial: 
a leaky feeder in perfectly uniform 
conditions cannot radiate at all except 
at its extremities, whereas the induc- 
tion or leakage fields can and do ex- 
tend along its length. 

But the situation is complicated by 
the fact that true radiation can be 
provoked inadvertently, or even in- 
tentionally, at any point in the line by 
the introduction of irregularities or 
discontinuities into the line or its envi- 

| ronment, and these will exist 
- Naturally to some extent in any practi- 
cal system. In a tunnel the additional 
effect may be useful, but is more likely 

to be detrimental. Certainly, in a sur- 
face system {where the techniques 
can also be used) any radiation will 


ting up ‘inadvertent’ mode conversions or 
even radiation. Mounting arrangements 
have no influence on internal attenuation 
except at the higher frequencies (e.g. in 
the u.h.f. range) or with excessively open 
braids. Surface contamination affects 
neither coupling nor attenuation. , 
Another early type of leaky coaxial cable 
had a solid outer conductor with a contin- 
uous longitudinal slot, giving an aperture 
of typically 25% of the circumference, and 
having a solid or foam dielectric. Such a 
cable has sometimes been considered in- 


termediate in its mode of operation be- © 


tween a bifilar and a coaxial type. Indeed, 
it has proved to be very dependent on 
mounting position, in the manner of a 
bifilar line, yet with no compensating ad- 
vantage of cheapness. 


A type popular in the USA and Canada 
has discrete holes milled in an otherwise 
solid corrugated outer conductor 
(‘Radiax’). In mode of operation it is 
closely similar to the open-braided type. 
However, there is some evidence, with 
theoretical support, that ‘hole size’ is the 
key factor in determining the susceptibility 
of the longitudinal attenuation of a cable ot 
the mounting arrangements and surface 
contamination. For a given surface trans- 
fer impedance — and thus coupling effi- 
ciency — immunity to such external 
effects will be better with a larger number 
of small holes than the converse, and in 
this respect the braided type must be 
supreme (it should be noted that total opti- 
cal cover is not a reliable indicator of 
coupling efficiency, and is not in question 
here). 

The milled-hole type has a foam dielec- 
ttic, which is slightly less favourable than 
the thread-and-tube construction in res- 


run counter to the main purpose in 
such circumstances, that of spectrum 
conservation. The term is clearly best 
avoided. 

On the other hand, the epithet 
‘leaky’ has outraged some manufac- 
turers who seem more concerned 
about the image of their product than 
with scientific accuracy, and ‘leaky 
feeder’ has come in for ribald com- 
ment. There have even been some 
qualms expressed in academic circles 
about the strict meaning of ‘leaky’ as 
applied in transmission-line theory. 
As for ‘feeder’ or ‘cable’, the only 
reason for preferring the former is 
that conceivably an open-wire line 
could be used (and in fact was consid- 
ered at one time for NCB use) and this 
could hardly be described as a ‘cable’. — 

The present writer stands by ‘leaky 
feeder’ in alluding to the techniques 
and systems; the term is certainly 
preferred by most serious investiga- 
tors of the subject, and in particular is 
now general in the USA and mainland 
Europe. ‘Leaky cable’ remains a useful 
variant in reference to the product it- 
self. 
It is also Worth noting that the inter- 
national working group advising the 
XVth Plenary Assembly of the CCIR in 
such matters recently came down in 
favour of ‘leaky cable’, and this 
recommendation is likely to prevail. 
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pect of the all-important phase velocity. 

A somewhat-similar type manufactured 
in the UK employs a ‘punched tape’ con- 
struction, with an outer conductor made of 
copper foil in which discrete holes have 
been previously punched. The holes here 
are even larger than those of the milled- 
hole type, and so such cables should be 
used with discretion where close-mounting 
is inevitable. The dielectric construction is 
the favoured thread-and-tube. 

Leaky coaxial cables are available in 
both 50Q and 75Q characteristic im- 
pedances, and it may well be asked which 
is the better choice. So far as the leakage is 
concerned, the considerations are more 
complex than might appear, but whatever 
difference may exist in practice is not 
likely to be significant. When it comes to 
longitudinal transmission efficiency, stan- 
dard textbook treatment applies as for con- 
ventional coaxial cables, and shows that 


‘75Q. is close to the theoretical optimum. 


For a fuller treatment of the various 
types of practical leaky feeder, and an 
assessment of their relative performance, 
reference is recommended to the paper by 
Cree and Giles!*. 


INIEX systems 

It has been shown earlier that in order to 
account for the strong fields that are con- 
sistently maintained at distances of many 
wavelengths from a leaky feeder it is neces- 
sary to postulate the occurrence of ‘inad- 
vertent’ mode conversions at irregularities 
in the feeder or tunnel. The resulting mo- 
nofilar modes generally have a larger 
effective radius than the ‘true’ leakage 


field, though they are attenuated compara- 


tively rapidly along the line and so require 
neration. 

Delogne!? has developed a system in 
which inadvertent mode conversions are 
replaced by deliberate conversions, 
effected through special ‘mode converters’ 
which may be inserted into the cable run at 
carefully determined points. Furthermore, 
the cable itself is a conventional non-leaky 
type; the true leakage field is thus aban- 
doned and eliminated, and communication 


- is entirely through the closely regulated 


monfilar mode. The system has been spon- 
sored and promoted by INIEX, the Bel- 
gian ‘Institut National des Industries 
Extractives’. 

The main advantage of this ‘INIEX-De- 
logne’ system is that the interchange of 
energy between coaxial and monofilar, 


- , modes is entirely under the control of the 


system designer and thus can be optimized 
for best use of the energy available by 
careful design and spacing of the mode 
converters. At their simplest, these devices 
could comprise a single large hole in the 
outer conductor; in practice, both conduc- 
tors are usually interrupted and the gaps 
bridged by reactive elements. The spacing 
is typically 100 m, bur the system may be 
‘graded’ by varying the spacing according 
to the residual energy in the line and so 
maintaining a consistent performance re-, 
gardless of distance form the base station. 
The devices are normally installed in pairs, 
spaced a quarter-wavelength apart, to give 
a forward directivity to the launch of the 
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monfilar mode. 


Since only one mode is present, there is 


no risk of potentially troublesome long 
standing waves. The system can be used 
over a wide range of frequencies, typically 
down to 2 MHz, by designing the mode 
converters to suit rather than by changing 
the design of a leaky cable. Against this, it 
could well be disadvantageous to have to 
interrupt the cable run at such short in- 
tervals. More important, perhaps, is the 
need for the cable to be kept well clear of 
walls or metal structures for the whole of 
the run, for if the monofilar mode becomes 
dissipated inadvertently by such a proxim- 
ity effect it cannot be regenerated until the 


next converter, and an extended ‘blind 


spot’ could result. 

At frequencies above the tunnel cut-off 
frequency — say, in the u.h.f. band for a 
road or twin-track rail tunnel = the 
INIEX-Delogne system operates dif- 
ferently. Here, the monofilar mode is 
likely to be attenuated too rapidly to be 
useful. Instead, the radiation which the 
mode-converter also provokes now 
launches a wave in the tunnel itself: In this 
case, the cable mounting arrangement be- 
tween mode converters is immaterial since 
the cable is not called upon to support a 
monofilar mode. At even higher frequen- 
cies, of course, the tunnel propagation im- 
proves beyond that of the coaxial mode of 
the cable itself, and so the system then 
becomes superfluous except, perhaps, in 
the negotiation of corners and obstacles. 

In a later development !6 the discrete 
mode-conversion devices are replaced by 
lengths of leaky feeder inserted into the 
otherwise non-leaky cable run. This ‘leaky 
sections’ technique operates broadly on the 
same principles as before, but offers the 
advantage that the alternating leaky and 
non-leaky sections could be arranged in 
the manufacture of a continuous cable, so 
eliminating the need for frequent interrup- 
tions and connections of the cable in instal- 
lation. ae 

The length of a leaky section in such a 
system is fairly critical, and the optimum 
can be shown to be equal to 


pÀ 


2(1 - p) 

where À is the free-space wavelength and p 
is the velocity ratio of the leaky cable sec- 
tion. Not surprisingly, this is one-half the 
length of the long standing wave which the 
original coupled-line theory shows would 
be set up at the beginning of a continuous 
leaky feeder of the same type. 

It also follows simply that the monofilar 
mode set up by such a ledky section will 
have an initial amplitude 6 dB greater than 
the true leakage field of the corresponding 
continuous feeder. Furthermore, of 
course, it will have the advantage of the 
increased effective radius over the leakage 
field. Against this, the amplitude will de- 
cay at the rapid monofilar rate, and so the 
6 dB advantage will usually be lost before 


.the next leaky section. 


Again, the leaky section will operate 
more as a radiator than as a mode 
converter at frequencies above tunnel cut- 
off. 


A prime objective in the development of 
these INIEX systems has been to achieve 
the maximum possible longitudinal range 
from a system without recourse to in-line 
repeaters or other active techniques. Once 
active devices become necessary, as they 
normally do in any case beyond a few kilo- 


, metres, the use of these systems becomes 


less attractive. However, there is no funda- 
mental reason why they should not be 
used, in the same way as ‘conventional’ 
leaky feeders, with the active systems tech- 
niques to be described in Part 2. 

To be concluded 
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This final article describes the overall operation and performance of the prototype lighting 
system. Details are given of the operating system, eq 
required to set-up the control desk’s processing a 


Before discussing the operating software 
used in the lighting system, its relevance is 
best understood by considering the layout 
of a typical control desk, as shown in Fig. 
‘1, and how such a desk is operated. The 
desired lighting pattern is set on the chan- 
nel faders (presets), and this pattern is 
stored in the processor-system memory by 
pressing the ‘record’ button associated 
with a particular master fader, or ‘master 
preset’. This pattern will be recalled and 
sent to the dimmer modules whenever its 
associated master preset is not at zero. 
Assuming for the moment that only one 
master preset is at a non-zero setting at any 
‘one time, any other master preset may now 
be used and another lighting pattern set in 
the same manner. Hence, a complete 
lighting pattern may be stored for each 
master preset. 

There are two ways in which these 
stored patterns may be controlled using 
the master presets. 

— Scaling — the equivalent of analogue 
control-desk processing — in which each 
preset level is multiplied by the master 
preset level and the resulting signals sent 
to the dimmer channels. Relative levels of 
the channels are maintained at all times. 

— And stepping, where the master preset- 
level is compared with the stored preset 
levels and the lesser of the two levels used 
for output. This type of processing is used 
to build up a lighting pattern, i.e., all 
dimmer outputs rise according to the level 
of the master preset and then stop at their 
predetermined levels. In an analogue 
control desk, this type of processing would 
require very complex circuits. 

By using more than one master preset at 
a time, lighting patterns can be gradually 
changed from ‘one stored pattern to 
another. As the operating program end- 
lessly polls all the faders and record but- 
tons, any lighting pattern produced by a 
combination of master and channel presets 
may be recorded by simply pressing the 
appropriate master-preset record button. 


Operating Software 

The operating program and the ‘look-up’, 
or equalization table, are contained in just 
over 1/2Kbyte of p.r.o.m. The require- 


ments for r.a.m. depend on the overall size: 


of the control desk. Around 256 bytes are 
required for the operating program and 
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N(M+1) bytes for lighting pattern storage, 
where N is the number of channel presets, 
and M the number of master presets. Ex- 
cept for the largest of systems, 2Kbytes of 
r.a.m. will suffice. Organization of the 
data structures is shown in Fig. 2. The 
present memory stores the lighting-pattern 
preset levels associated with each master 
preset. The output-buffer memory is used 


Preset memory 


Master presets 


N 
1 


N 


Channel presets 


Fig. 2. Data structures used in the control-desk software. M is the number of master presets, 


and N is the number of channel presets. 


equalization table, and the hardware 
nd recording modes. 


‘to store the required lighting pattern tem- 


x 4 
{ master M-1 


| Witter M 


t 5 


porarily, before the levels are converted to 
output signals for the dimmer modules, 
using the equalization table. ; 

The equalization table performs two im- 
portant functions. Firstly, the scaling 
process entails the multiplication of 
numerous channel and master preset 
levels. Without an external multiplier unit, 
most microprocessors carry out multi- 
plication relatively slowly (some recent 
microprocessors, such as the 6809 and | 
9995 have such a multiplier internally). 
The multiplication problem could have 


Output buffer 


Dimmer latches 


I 
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Fig. 3. Flow-chart of the 
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Fig. 1. Layout of a 30- 
channel/10-master control desk. 


Output buffer 
to preset 
memory (M) 


been solved by using a logarithmic a-to-d 
converter, but in this case, logarithmic-law 
faders were used together with a look-up 
table containing base 2 antilogarithms for 
the 256 possible levels — hence, multipli- 
cations become simple additions. 

Secondly, the table provides compensa- 
tion for the non-linear relationship be- 
‘tween the fader position and the subjective 
brightness of the lamps, mentioned in the 
first article. This code transformation is 
fairly difficult to formulate, and will be of 
more general interest than the code trans- 
formation used in the prototype system 
which combines both this subjective 
brightness compensation and the antiloga- 
rithm conversion, so this coding is given in 
Table 1. 

The operating program is not listed be- 
cause it is specific to the processor used 
and consists of only eight short sub-rou- 
tines and three core-routines for lighting 
pattern recording and processing. 
However, using the flow-chart of Fig. 3, it 
should be possible to program most 
microcomputer systems to provide the 
facilities described. The program tests data 
present on the data bus to decide whether 
scaling/stepping processing, or recording 
mode is required. The hardware needed 
for this is described in the next section. 
Note that, to reduce processing time to 
a minimum, there are a number of condi- 
tional branches dependant on channel or 
master levels being zero. 


Process/record select circuits 


The operating program must test whether 
stepping/scaling processing, or pattern 
recording is required. This could be 
achieved by connecting the control desk’s 
record and process keys, through some 
form of keyboard encoding, to a program- 
mable i/o device (such as the 8155/6). 
However, since mapped-memory tech- 
niques are used for all other data input and 
output, a single i/o port can be connected 
directly to the data bus which is enabled 
when the IO/M status line goes high. 
Figure. 4 shows the process/record-select 
circuit. When the ‘record enable’ key is 
pressed, the octal encoder (74148) is 
enabled and its output will stay high until.a 
master-preset record key is pressed. The 
three RS flip-flops connected to the octal 
encoder are reset, and hence the 4-bit bi- 
nary counter (74163) is enabled. The coun- 
‘ter outputs are connected, through a 4-to- 
16-line demultiplexer (74154), to sixteen 
ctoss-lines in the master-preset ‘record’ 
key-matrix. When a key is pressed, at least 
‘one of the encoder’s outputs goes low and 
disables the counter. The three-state buf- 
fer is enabled when either E, W/R or MIO 
is low, and the input data is transferred to 
the processor data bus. Also, the four in- 
puts to the NAND gate (1/2 7420) are 
high, and on the next rising edge of the 
system le, E, a ‘0’ is clocked out of the 
D-type flip-flop and the four RS flip-flops 
are reset. The next E pulse will enable the 
‘system again. The 0 input of the octal 
‘encoder is not used, as a low level on this 
input will cause all three outputs to be high 
(i.e., equivalent to no key being pressed). 
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Hence up to seven modules may be used, 
each with 16 master presets. 

Processing-mode keys are simply 
latched by an RS flip-flop and connected 
to D; of the data bus. Unlike the record- 
key data, they do not form a destructive 
read circuit. 


Conclusion 
For the 8085A microprocessor used and 
with a system clock of 3MHz, Fig. 5 shows 


the experimentally determined 
relationship between processing speed 
(that is, the time taken for all the output 
channels to be updated) and the number of 
master presets in use at any one time. 
Assuming that the minimum acceptable 
update frequency is 20Hz, a 60-channel 
desk will operate fast enough, provided 
that less than about 20 master presets are 
in use. This limitation will not usually 
effect operation as the maximum number 


preset select 


3-state buffer 


of master presets in use at one time is 
normally from four to eight. 

There are a number of ways in which 
this prototype system could be extended. 
In most stage applications, the control 
desk and dimmers are remote from each 
other, and the system described would 
require an expensive 40-way connecting 
cable. Some form of high-speed serial in- 
terface, with high noise immunity, would 
be of greater. practical use. Because the 


Fig. 4. Process/record-select 
circuit. Note, the 10kHz clock‘is 
derived from the 1MHz system 
clock and the 0 input (pin 10) on 
74148 must not be used (see 
text). 
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Fig. 5. Experimentally determined process . 
time, i.e., time for updating all dimmers, for 
a 60-channel contro! desk. 
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- The protatype lighting control system with, 


from left to right, an 8-channel input 
‘module, an a-to-d converter and buffer 


memory board, a frequency multiplier and 


sync. counter section and the © 
microcomputer. 


‘major cost of most installations is in the 


dimmer modules, the replacement of an 
analogue control desk with a digital one 
would most effectively be achieved by 
providing a low-cost interface between the 
digital output data and the existing 0-10V- 
direct voltage-controlled dimmers. More 


permanent lighting pattern storage could 
„be easily achieved by providing either bat- 
‘tery back-up for some of the r.a.m., or a 


tape interface. In exacting situations where 
the colour, or hue, of lights has to be 


‘maintained as their luminosity changes, 
‘the software could be extended, and 


lighting sets with three primary coloured 
gels used. 


Microprocessor 
data bus 


Estimates of the cost of a digital control 
desk compared with a conventional anal- 
ogue desk suggest that the former solution 
is the cheaper alternative for systems with 
more than 40 channels and 20 master 
presets. The fixed cost element of the 
microprocessor system is offset by the ab- 
sence of a diode-matrix board ad the large’ 
reduction in the number of faders. 

The authors are grateful for the use of 
the microprocessor development facilities 
provided in the final-year Electronics 
laboratory at the University of Keele, and 


‘the technical help provided by B. W. 


Cornes and E. J. T. Greasley. o 


From page 46 . 

Computation . 

The calculations illustrated may be carried 

out with the aid of a pocket calculator. 

Access to a computer is clearly advanta- , 
geous and Fortran programs have been 

previously published ? for the procedures 

required. For convenience, four simple 
Basic programs are presented on page 46: 
for the pole and zero calculations consti- 
tuting the most difficult part of the compu- 

tation. These programs may be readily: 
incorporated into a complete digital filter 
design package for a desk-top computer. 

The programs have been developed and 
listed on a Hewlett Packard HP 85 

microcomputer which allows several state- 
ments per line, separated by @. The com- 
mand DISP may have to be replaced by 
‘PRINT in may Basic implementations. 


‘Bibliographical references have had to be held over 


and will be included in a third part of this series. 
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THEORIES AND MIRACLES ~ 


Enormous gaps exist in our understanding of Nature, and many of our fundamental 


theories are not very credible. In a controversial review of current doctrine in nine 
instalments, Dr Murray investigates the electromagnetic theory, photons, duality, _ 
quantization, matter-waves, indeterminacy and haziness, and reviews the state of physics 


Many thousands of professioanl radio engi- 
neers can design television transmitters, 
and almost anyone can build a radio re- 
ceiver, but there is nobody who can ex- 
plain in a plausible and watertight way 
how radio energy comes to be’ transferred 
from the Crystal Palace transmitting tower 
to the H-aerial on the roof of my house. 
This transfer of energy — the radiation 
process — is miraculous, if we define a 
“miracle” as a physical occurrence for 
which we can offer no physical explana- 
tion. (PI just say that again: a miracle is a 
physical occurrence for which we can offer no 
physical explanation). It is just over 100 
years since James Clerk Maxwell gave us a 
good working description of what happens 
— the equivalent of saying that if you lie in 
hot sunshine you will get sunburned — 
but he did not explain the radiation pheno- 
menon; and nobody has explained it since. 
Here, then, is a fine example of modern 
technology in action. We know how to 
build a radio transmitter and we can calcu- 
late very accurately what will happen when 
we switch it on. Something will travel from 
transmitter to receiver at the speed of 
light, and we shall be able to detect its 
arrival and make whatever use of it we 
please for our convenience and entertain- 
ment. But except that it may consist of 
physical energy, or at least that it may 
carry physical energy with it, we have no 
idea what it is that does the travelling. 
Confronted with this true statement of 
our human ignorance, ninety-nine people 
out of every hundred will probably say 
they do not care. The radio is for listening 
to, not wondering about; wondering about 
such things is a job for scientists. But now 
' we come to the crunch, for I have to make 
a similar report to you about the attitudes 
of the scientists themselves. Nine out of 
every ten physicists today would also say 
they didn’t care — they are far too busy to 
be bothered with such abstract, impracti- 
cal matters. On the other hand, the one 
physicist in ten who does care about such 
things is likely to be seriously worried. 
_ If one were to identify and question this 
minority, their concensus view would al- 
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B.Sc., Ph.D: 


most certainly be that vast gaps exist in our, 
knowledge of physical phenomena that 
take place not only in complex laboratories 
and remote galaxies, but also “right on our. 
doorstep” — of which domestic radio 
radiation and sunlight are commonplace. 
examples. From a purist point of view it is 
a pity that our progress in understanding 
such things should have come to a grinding 
halt in about 1920. (The fundamental basis 
for atomic energy was laid by Einstein*in 
1907, and that for the laser in 1917.) Of the 
new concepts which have arisen in physics 
since that time very few, if any, have dealt 
credibly with fundamental matters. I in- 
clude in this category the major speculative 
adventure of the 1930s, which failed amid 
general confusion and is one of the main 
topics to be examined here. 

There would seem to be little doubt that 
progress in fundamental physics, as op- 
posed to technology, has not kept pace 
with contemporary progress in other 
branches of science during the past fifty 
years or so. It should have done, in view of 
the number of physicists at work. all over 
the world, but it hasn’t. Every now and 
then, it is true, some new hypothesis seems 
locally promising and is hailed as a 
triumph; but when one seeks to apply it 
elsewhere it does not fit, and it leads one 
sooner or later to a logical impasse. Nowa- 
days, for reasons that we will explore in 
due course, we no longer reject a failed 
hypothesis as we should, but instead we 
tend to retain it on the pragmatic basis that 
it may prove more useful to have wrong 
concepts than no concepts at all. From that 
point it is very easy to forget that they are 


- wrong concepts — scientifically disproved 


— and instead to go on building upon 
them as if they were true and valid: an 
elementary mistake, surely, but one which 
we go on making. 

There are countless examples of this 
trouble in modern physics, so that it is the 


rule rather than the exception. The cumu- 
lative effect of such errors has been confu- 
sion on a majestic scale. We are left with a 
tangle of separate, uncoordinated, and 
very often mutually-exclusive concepts. 
“Sometimes light behaves as waves, 
sometimes as particles”, it is said, yet the 


concepts of electromagnetic light-waves . 


and particles (photons) are mutually exclu-. 
sive. Our picture of the physical world has 
become less clear, rather than more clear, 
with the passing years. This, I submit, is 
evidence of a lack of progress. In the 1980s 
we have to admit that we have not yet 
found answers to some simple but impor- 
tant questions which were asked as long 
ago as 1920, and even earlier. 

Now when you have been searching dili- 
gently for something for fifty or sixty years 
and failed to find it, it may be sensible to 
pause and consider whether there might 
not be some reason for the failure. In our 
present case two possibilities are more 
likely than others: either the thing we are 
looking for doesn’t exist, so that we are 
mistaken in looking for it, or we are 
looking for it with the wrong kind of spec- 


tacles. Let us examine these two possibili- - 


ties in turn. 

There is a doctrine of modern physics, 
whose origins we will identify later and 
criticise, which says that scientific theories 
are limited in their application to provid- 
ing descriptions of physical events, and are 
intrinsically incapable (in an absolute 
sense) of explaining them. According to 
this doctrine, questions of the nature 
“what happens?” may give rise to descrip- 
tive answers — in numerical detail, of 
course — and are legitimate questions, 
whereas questions of the type “how?” or 
“why?” cannot be answered by science 


and are therefore improper questions 


which should not be asked. 

To take an example, experiments show 
convincingly that all negative electruns are 
identical in their behaviour — “‘indisting- 
uishable” in the approved jargon — and 
that short of its complete annihilation the 
physical properties of an electron never 
vary in any way; one never comes across 
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bigger or smaller electrons, or parts of an 
electron. Now: to the question “Why is 
the structure of an electron so phenome- 
nally stable?”, current doctrine returns the 
answer that the mass of the electron is so 
small that its structure must be quantum- 
indeterminate, which means that the ques- 
tion of its mechanical stability does not 
arise. That question is a non-question, an 
irrelevance that does not require an answer. 

For convenience of reference I propose 
to call this the Doctrine of Haziness: 
“Microphysical entities are hazy, and one 
should not ask old-fashioned questions 
about them”. Personally I am very suspi- 
cious indeed of this doctrine. It seems to 


‘be just a little too flexible in its application 


to be intellectually honest. For instance, in 
another example, 


Question: Why are the wavelengths of 
the spectrum lines from a gas in a 
discharge tube so precisely defined? 
Answer: Because the permitted energies 
that electrons can assume within the 
atoms are precisely quantized. 
Question: Oh — I thought it was the 
electron’s angular momentum that was 
quantized? , 

Answer: That is also true. Both energy 
and angular momentum are precisely 
quantized. 

Question: If that is so, then the position 
of an atomic electron must be precisely 
determined. How far is it from the nu- 
cleus? 

Answer: We cannot tell you that, be- 

cause of the Uncertainty Principle of 
Professor Heisenberg. We can only tell 
you where you are most /ikely to find it. 
Question: So its energy and momentum 
are in fact not precisely determined? 

Answer: That is so; they may take on 

any values within Heisenberg’s limits. 
Question: Then why are the spectral 
wavelengths, which you now say are 
dependent on indeterminate energy and 
momentum, themselves precisely de- 
fined? 

Answer: Your questions pre-suppose 

that the atom has a mechanical 
structure. Our modern theory is a ma- 
thematical theory, not a mechanical 
theory. Hence the questions you ask are 
meaningless. 
Question: But I thought you said the 
mathematical theory dealt with energy 
and angular momentum. Are these not 
ordinary mechanical quantities? 

` Answer: You are wasting my time. It is 
a matter of statistics. Look up the 
theory in any textbook. 

You will have noticed the testiness of 
tone which arises characteristically at that’ 
point in the discussion. We shall look into 
that little “matter of statistics” and form 
conclusions about it which are not entirely 
conventional. As I said earlier, the doc- 
trine of haziness seems a shade too conve- 
nient to be true. It enables its adherents to 
wriggle out of logical impasses by shelter- 
ing in mysticism, a particular mysticism 
which as we shall see is linked directly to 
an unexpected and, as I shall assert, erro- 
neous and quite unjustified denial of the 
Law of Causation. These are deep waters 
which can ‘bear being looked into. The 
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doctrine of haziness also offers comfort to - 


the lazy physicist (or shall we say, the too- 
-busy physicist?). Current theories suggest 
that Nature may be stranger than our 
forbears thought, for human under- 
standing. If so, we should not be sur- 
prised that we have made so little 
progress recently. (I need hardly em- 
phasize that if this defeatist attitude 
should become held generally — and it 
seems to be gaining ground — it must 
spell the end of the philosphical road for 
physical science.) a 

The other possible explanation for our 
failure to achieve that steadily-improving 
understanding of the working of the physi- 
cal world which human instinct (and 
previous experience in physics, and cur- 
rent experience in other disciplines) sug- 
gests we ought to be achieving, is that 
there is something there to see but that we 
have been looking for it with the wrong 
spectacles. We cannot see radio waves or 
electrons with the naked eye, of course, 
but we infer their existence from the read- 
ings of our instruments. Our “electron 
spectacles” are not the instruments we use, 
but the scientific theories with and against 
which we interpret our observations. A 
current theory is an expression of a 
contemporary attitude of mind. 

We can be, and historically often have 
been badly misled by our theories. To take 
a classically familiar example, in times past 
the motion of the planets across the night 
sky could be described to any desired de- 
gree of accuracy on the basis of the Earth 
being the dynamic centre of the universe. 


_ It could be explained — that is, accounted 


for rationally with a minimum of underly- 
ing assumption — much more readily by 
means of a Sun-centred theory. From ex- 
perience we have come to believe that the 
more closely a scientific theory reflects 
the mechanism of the physical world, the 
simpler will its concepts appear and the 
wider will be its field of application. In this 
example, planetary astronomy had been 
bogged down for a thousand years under 
the geocentric theory, and progress had 
virtually stopped. Further advance de- 
pended on the rejection or overthrow of 
the geocentric theory and its replacement 
by the alternative which is still in use to- 
day. And what an advance that proved to 
be! One of its earliest consequences was 
Newton’s law of universal gravitation. 

We may perhaps read that experience 
across into the area of fundamental physics 
where our recent progress seems to have 
been surprisingly, and disappointingly, 
slow. Slow progress does not prove that 
anything is wrong with our current theo- 
ries and doctrines, but it raises that pos- 
sibility. It is possible that some of our 
fundamental thinking may have been on 
the wrong lines (and by wrong lines I mean 
lines which do not accord with those of 
physical Nature). If so, then much of the 
elaborate, self-generating and untested 
structure of mathematico-physical theory 
that has been built up during the past fifty 
years may turn out in the end to have been 
irrelevant, if not actually misleading. I am 
suggesting that the time is now ripe for a 
critical review of modern physical theory, 


much of which has not been of a type to 
inspire confidence. H- 

There was for many years a powerful 
body of opinion which in the teeth of all 
the evidence for the heliocentric theory 
maintained that the Earth, as the abode of 
Man, must be the centre of the physical 
universe. To such opinion no factual proof 
was convincing: one can neither prove nor 
disprove an Article of Faith. Thus the 
ancient polarisation between churchman 
and scientist tended to continue. Yet it is a 
feature of modern physics, unexpected but 
explainable, that in its philosophy it is 
more akin to a religion than to a classical 
science. Mysticism has returned in a big 
way. It seems that in the fundamentals 
area we are dealing with matters of faith 
and doctrine, dogma and heresy, so. that 
formal experimental proofs are no more to 
be expected in fundamental physics nowa- 
days than in a theology. There may even . 
be resentment against anyone who pre-, 
sumes to question the One True Faith; but 
this time the conservative Establishment is 
likely to be found within the ranks of 
science itself. 

The significance of that remark will be- 
come clear when I declare my main thesis, 
which is that physical science made a sequ- 
ence of errors during the 1930s from which 
it has never recovered. I am in good com- 
pany in this, since that view was to a 
greater or lesser extent shared from the 
early days of Quantum Theory by 
Einstein, Planck, von Laue, and Schr- 
6dinger, all of whom were central in the 
original arguments. Theirs was a “realis- 
tic” view, which in the climate of the times 
did not prevail against the novel, mystical 
doctrines of Bohr, Heisenberg, Dirac, and 
others. The last-mentioned became estab- 
lished and remain formally accepted today. 
But attitudes may now be changing after 
fifty years: at any rate I hope so. I propose 
to identify some of the errors in the 1930’s 
doctrines, show that they were indeed er- 
rors, and show how they came about. To 
my physicist colleagues I say, If your faith 
is not strong enough to withstand such 
criticism you should read no further, for I 
have no wish to cause you offence. To the 
layman I say, Here for you entertainment 
is a real-life, up-to-date version of Hans 
Andersen’s famous story of the King’s 
New Clothes. 

To sum this up: every scientific theory is 
somebody’s particular pet. Rather than 
attack the established theories of physics 
— which would force their doting owners 
to rush to their defence, and lead to quite 
unnecessary altercations — I propose to 
examine a selection of miracles. A miracle, 
you will remember, is a physical 
occurrence for which we can offer no phy- 
sical explanation. There are plenty of mir- 
acles to choose from, so we can afford to be 
selective. We shall find that our miracles 
have a certain hallmark about them, from 
which we can deduce not understanding, 
perhaps, but clues towards understanding. 
The nature of current theories will become 
clearer, so that we shall discover when it is 
safe — philosophically safe —-to use these 
theories, and when dangerous. When fully 
developed this technique should enable us 

` Continued on page 87 
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ERROR CORRECTING 
SOFTWARE 


Software solution avoids complexity of convolutional coding; program computes error 
signal which would have been the output of a convolution decoder. 


In digital equipment a single parity bit is 
often added to a word to increase reliability 
by detecting an erroneous read. For words 
which are recorded in blocks as on paper- 
tape, floppy discs, cassette or magnetic 
tape we can time-share the single parity bit 
over a number of words. Fig. 1 shows the 
idea. Here the parity bit is formed from 
the data bits of the current word and one. 
data bit per channel staggered to produce a 
Staircase parity-checking area as shown. » 


Parity channel 
Data channel 


Data 


_ Fig. 1 


Using a technique described in Wireless 
World, “Improved parity checker” Jan 
1981, p. 81/2, multiple errors can be de- 
tected, although only a single parity bit is 
employed. Fig. 2 illustrates how eight 
errors would be detected. 

Parity of 
checking 

area 


Even 


Even 


_ {c} Error detected 
Fig. 2 


If the parity bit at the transmitter was 
coded for say even parity then on reception 
any single error in the checking area will 
result in an odd parity for this area of bits. 
This fact signals an error has occurred. 
Single error correction with regard to the 
error signatures produced will be as shown 


in Fig. 3. 


However Fig. 4 shows a double error 
which although detected gives an error 
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Fig. 3 


signature which corresponds to the single 
error signature of channel 0 in Fig. 3. 


ON OR TOR Taig 0500 


If error correction is required then this 
problem can be overcome still employing 
only one redundant bit, i.e. the parity bit, 
by applying more complexity to the time 
sharing of the data bits. An example of a 
more complex template is given in Fig. 
5(a) together with the single error signa- 
tures. This template was formed almost at 
random — any multiple errors are detected 
and it appears single errors give unique 
signatures. Armed with this fact we can 
detect multiple errors and correct single 
errors. 


Fig. 5 


-=-= 00 fo 
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The error detecting software described is 
useful to 


— assess the merits of a particular tem- 
plate 

— asa program in its own right used in 
place of hardware 

— to test (2) or for the following reason. 


The procedure described here is a form 
of convolution code. This can be seen by 
converting the parallel characters to a se- 
rial bit stream using a serial shift register. 
This is given in Fig. 6 for the template of 
Fig. 1. 

Now the convolution approach is far 
more complicated than the technique des- 


cribed here, but the theory of convolution 
coding does show that the defining polyno- 
mial of Fig. 1 is 

X!4X74+XB4X94K354 

X64 X74X284X24X%, 
Hence the software approach described 


can be useful in investigating convoluting 
codes where here the template, i.e. the 


‘polynomial, can easily be changed. 


The prompts given by the program and 
the inputs required in response are shown 
in Fig. 7 while Fig. 8 shows the notation 
used for the template data. 


Width of template 


Template column 1 Enter T1 


Enter T2 
Enter TW 


Template column 2 


’ 
4 
' 
' 
1 
1 


Template column W 


Enter character 
Fig. 7. Prompts given by the program and 


inputs required in response. 


Template <«—wWidth 6—> 


Fig. 8 


Template column 6 5 & 3 2 
Value 31 16 0 13 2 


1 
3 


A column is indicated by the decimal equi- 
valent of the binary code where a 1 indi- 
cates that the bit is part of the template, 
that is, an input to the parity-generating 
hardware. Ea. 

Having completed entering the template 
data a continuous series of decimal values 
are entered as shown in Fig. 9. This series 
is in response to the prompt N where N is 
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Errors 


Fig. 9 


8) 76" S440 Seat 
Value 17 980! “1, 330i 


Error pattern 


the Nth error pattern in the series. An 
error pattern is simply a character with or 
without errors, Fig. 9. 

For each error pattern input the 
program computes the error signal which 
would have been the hardware output of 
the convolution decoder, that is it com- 
putes the parity of the error pattern within 
the template area. The output is a one if an 
error is detected and a zero if no error is 
detected. 

The program assumes that even-parity 
was transmitted and thereafter an error 
signal results from an odd parity in the 
template. 


Digital frequency 
synthesiser design 


Continued from page 64 


Integrated circuit two-modulus and 
four-modulus v.h.f. and u.h.f. counters 
have been available for some time, as have 
general purpose c.m.o.s. and t.t.l. 
programmable counters. However, dedi- 
cated l.s.i. circuits which can interface 
directly with two and four-modulus pre- 


scalers have only recently been introduced. 


The diagram in Fig. 4 shows a two-mod- 
ulus prescaler with i/o ports and a control 
line which is used to alter the division 
ratio. The input may be balanced or unba- 
lanced, but the output and control nor- 
mally operate at c.m.o.s. or t.t.l. levels. A 
similar four-modulus prescaler which uses 
two control lines instead of one is shown in 
Fig. 5. 

At frequencies over 1GHz, separate 
prescalers or mixing techniques must be 
used. The SP8619 divide by 4 prescaler 
will operate up to 1.8 GHz and can drive 
an SP8906 four-modulus divider. 
Therefore, synthesizers using this combi- 
nation will have a channel spacing of four 
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Sum modulo 2 


Parity bit 


Fig. 6. Software approach described is much simpler than convolutional approach to Fig. 1 
template in which parallel characters are converted to a serial bit stream by shift register. 


Error detecting program 


10 DIM T(15), P(15) 
20 FOR I=1 TO 15 
30 LET T(I)=0 

33 LET P(1)=0 

35 NEXTI 


38 PRINT “TEMPLATE WIDTH IS”; 
40 INPUT W 


50 PRINT “INPUT TEMPLATE CO- 
` LUMN VALUES 1TO” W 

60 FOR I=1 TOW 

70 PRINT I 

80 INPUT 

90 NEXT I 


92 PRINT “ENTER CHARACTERS” 
100 LET N=1 


104 PRINT N 
107 INPUT P(W+1) 


times the reference frequency. The highest 
output frequency available from an 
SP8906 or SP8901 is 512/239 MHz, i.e. 
2.142 MHz. An n.m.o.s. synthesizer cir- 
cuit, the NJ8811, which has been designed 


for use with the 8906 and 8901 is shown in. 


Fig. 6. This device contains the program- 
mable dividers, reference divider, phase 
comparator and a data buffer which en- 
ables it to be used with a 4-bit data bus for 
programming by a r.o.m. and channel 
switch or a microprocessor system. 

Using the NJ8811 and SP8906, in the 
type of design shown in Fig. 5, provides a 
synthesizer which operates from 40 to 512 
MHz. The programmable reference di- 
vider allows the choice of sixteen channel 
spacings, via two program control lines, 
from a single standard 4.8 MHz reference 
input. If the NJ8811 is used with a 
SP8901, channel spacings and frequency 
ranges are doubled. The NJ8812 shown in 
Fig. 7 is almost identical to the 8811, but is 
designed for use with the SP8793 prescaler 
in low-power synthesizers at frequencies 
up to 200 MHz. This combination has an 
average power consumption of around 
55mW and is therefore suitable for porta- 
ble equipment. 


108 LET N=N+1 
110 IF P(W+1) <0 THEN 990 


120 FORI=1 TOW 

130 LET P()=P(I+1) 

140 NEXT I 

150 LET E=0 

160 FOR I=1 TO W 

170 LET A=T(D (AND) P(I) 
175 LET E=A (EOR) E 

180 NEXT I ; 


187 LET A=0 

190 FOR I=1 TO 15 

192 LET A=E(EOR) A 
194 LET E=E(SHFT,~—1) 
200 NEXT I 


210 PRINT A(AND)#1 
220 GOTO 104 
990 END 


A block diagram of the program would 
show that for each error pattern input 
value, Fig. 9, the previous W values, Fig. 
8, are right-shifted one place and the last 
one drops off the end to retain W values. 
The corresponding columns in the sense of 
Figs 8 & 9 are first ANDed with the tem- 
plate. This results in one word. The bit 
pattern of this one word is parity checked, 
i.e. the bits counted modulo 2, down to 
one bit by the exclusive-OR instructions. 
This bit indicates an even number of bits 
in the checking area if zero, and an odd 
number of bits in the checking area (the 
template) if one, which indicates an error. 
To change the template the program is re- 
run. To stop the program a negative in- 
teger is entered as data. oO 


Page 64 is a Basic program for designing 
v.h.f. and u.h.f. synthesizers using the i.cs 
described earlier. The first part of the 
program requests frequency limits, chan- 
nel spacing, injection mode and other de- 
tails of the required synthesizer. The cir- 
cuits to be used and interconnections are 
then determined together with the refer- 
ence frequency and reference division ratio 
for minimum reference harmonics in the 
working band. The second half of the 
program requests details of the individual 
channels required and provides r.o.m. 
programming information for them. The 
program was written for a PET 2001 com- 
puter, although it will run with other Basic 
computers with minor dialect modifica- 
tions. The compact form of program and 
lack of REM statements is due to memory 
limitations of the computer involved, but 
in its present form it works well and is a 
useful aid-for designing frequency synthe- 
sizers in the v.h.f. and u.h.f. range. (E| 
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‘Radio-frequency or data 


processing? 

Modern radio communications, it is often 
stressed, represent the marriage of data 
processing with traditional radio-fre- 
quency technology. But sometimes the 
problem is to determine which is the domi- 
nant partner. The r.f. engineers often feel 
that they are in danger of being smothered 
by the embrace of the systems-approach of 
the computer people. In an analogue 
world, careful alignment and circuit opti- 
mization tend to be admired more than the 
“go/no-go” attitude of the digital de- 
signers. Digital technology has advanced 
spectacularly, tending to obscure the 
steady improvements in crystal filters, 
mixers of great dynamic range and the 
opening up of a whole new world by low- 
noise microwave amplifiers. 

Glancing through the technical-papers 
programme for Communications 1982 
(still at the time of writing in the future 
though already over when these notes 
appear) one notes — a little regretfully — 
that relatively few of the 80 or so papers 
cover the more traditional r.f. subjects of 
receivers, transmitters, aerials and r.f. 
propagation. The themes are mostly allied 
to what was once called “telecommuni- 
cations’’ with networks, switching, 
multiplexing, electronic (telephone) ex- 
changes and fibre-optics technology 
prominent among them. 

Nevertheless, work continues in the r.f. 
field. New techniques for land-mobile (ad- 
mittedly including digitized speech), radio 
pagers with monolithic v.h.f. receivers 
(STL work on direct-conversion f.m. tech- 
niques combined with Plessey work on the 
chips); more progress on the s.s.b. polar- 
loop transmitters developed at the Univer- 
sity of Bath and showing one effective way 
in which v.m.o.s.-type devices can provide 
good linearity at v.h.f.); a University: of 
Leeds paper on envelope-detectable s.s.b. 
(also with the land-mobile service in view); 
the intensive work on developing gallium- 
arsenide integrated circuits for microwave 
receivers (in this case by Plessey, Research 
though intensive work is also going on 
elsewhere). 

The Communications 82 programme 
may not promise many entirely new de- 
velopments, but does reflect continued 
progress over a broad spectrum. The com- 
puter/communications marriage is clearly 
well past the honeymoon period and seems 
to have settled down to quiet domesticity. 
But r.f. must be careful not to be domi- 
nated by the intrusive digits. 


F.e.t. or bipolar 
r.f. power? 


Recent years have seen the appearance of 
practical r.f. mosfet power devices with 
the basio V-groove or alternatively “hex” 
or “T” vertical channel structures where 
the rather difficult V-groove is replaced by 
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a gate within a straight service. This has 
given the designer of m.f., h.f. and v.h.f. 
transmitters new scope, and much has 
been made of the freedom of such devices 
from secondary breakdown and thermal 
runaway, although there is still a vital need 
to avoid even momentary over-voltages 
that could cause gate punchthrough. The 
older bipolar devices can often (but not 


always) ‘provide greater linearity at v.h.f. - 


(this can be overcome by such techniques 
as the polar-loop arrangement and for 
some stringent applications including am- 
plitude-compandored s.s.b. the powerfet 
may prove superior). It is easier to bias a 
bipolar device for Class B operation. Input 
impedance of the mosfet is more constant 
with varying drive levels, and intermodu- 
lation distortion can be lower. A larger die 


„is required for comparable power with the 


mosfet. Each form of device has advan- 


` tages and disadvantages and there is 


seldom a clear-cut, no-choice situation. 
Motorola however has recently shown an 
interesting form of Class D (switching) 
amplifier based on power mosfets that can 
provide 1 kW output at up to 10 MHz with 
an efficiency of 85 per cent and a power 
gain of 30 dB. 


Thought-provoking 


antennas 

Most of the books published by the ama- 
teur radio organizations are stronger on 
surveying accepted theory than on taking a 
searching and thought-provoking look at 


. ideas that have been accepted by amateurs 


(and professionals) over a number of years. 
Once an idea has been widely accepted it 
tends to survive without further critical 
examination. But a new book (which de- 
serves to be read by all concerned with h.f. 
communications and h.f. broadcast re- 
ception) is a notable exception to this rule. 

“HF antennas for all locations” is by L. 
A. Moxon, G6XN — a name familiar to 
readers of Wireless World — who has a 


highly professional communications back- : 


ground and combines theory with practice 
to a rare degree, with specialist knowlédge 
of aerial theory and h.f. radio propagation 
(one of the first persons in the U.K. to 
recognise the important implications of 
Albrecht’s work on chordal hop). But he 
also possesses to an unusual degree an un- 
compromising ability to spot and explain 
why “sure-fire” designs so frequently fail 
to live up to the designer’s expectations 
while at the same time often prepared him- 
self to introduce novel ideas. 

The current scene — professional as 
well as amateur — includes, he considers, 
“serious errors by some of the experts” 
leading to “consequent waste of much 
time, money and effort in the pursuit of 
better results by methods which either 
have no chance of success or lead to unde- 
sirable compromises of one sort or 
another; in addition it has ensured that 


virtually all such designs have been in 
some degree, or in some respect, sub-opti- 
mum”. Experimental findings, he stresses, 
should always be subject to the test “does 
it make sense?”. His advice is, however, 
positive as well as negative, with recom- 
mendations firmly based on theory and 
practice. Equally remarkable is to find in a 
1982 publication 260 well-illustrated pages 
in hard covers selling at £5. 


The illl-V 


semiconductors 


. The development of 12 GHz receivers for 


domestic reception of satellite broad- 
casting is clearly going to emphasise the 
importance of current work on III-V 
semiconductor technology, now being ever 
more intensively pursued to overcome the 
limitations of silicon technology, particu- 
larly at microwave frequencies. Relatively 
unfamiliar terms such as “mesfet” (metal 
semiconductor field effect transistor) and 
“digfet” (diamond gate structure field 
effect transistor) are emerging from the 
laboratories with GaAs mesfets already 
available for u.h.f. television receivers 
(3SK97 etc). : 

The “Annual Review 1981” of Plessey’s 
Allen Clark Research Centre at Caswell 
shows clearly the many applications 
foreseen in the communications field for 
both discrete and integrated circuit devices 


~ based on semi-conductors using materials 


made from combinations of Group III ele- 
ments of the periodic table (boron, alu- 
minium, gallium and arsenide) and Group 
V elements (nitrogen, phosphorus, arsenic 
and antimony). Indium phosphide InP, for 
example, is increasingly yielding millime- 
tric active devices including advanced 
field-effect transistors. Gallium arsenide is 
being used for power f.e.t.s and for 
microwave integrated circuits. Apart from 
Plessey, Texas Instruments, Hewlett- 
Packard and Hughes have all reported 
progress in this field. 


AMATEUR 


dBW carrier power 


Although many of the technical anomalies 
and actual errors of the now notorious 


February 12 licence schedule have been 


corrected — and the whole question of- 
imposing “equivalent isotropic radiated 
power” limitations above 1 GHz has been 
deferred pending further consideration, 
the revised schedule still retains the 
controversial ‘‘dBW carrier power 
supplied to the antenna” definition. It re- 
places the traditional “d.c. input power”, 
i.e. total direct current power inputy to (i) 
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the anode circuit of the valve (s) or (ii) any 
other device energizing the antenna, as 
used for some 60 years as the basis of the 
licence for modes other than s.s.b. 

Admittedly, 20 dBW output power is 
roughly equivalent to 150 W d.c. input. So 
it may seem only a quibble to worry about 
this change of definition. Presumably it 
has been made as part of a general move on 
the part of the licensing authority to stan- 
dardize all licences issued under the Wire- 
less Telegraphy Acts. But there are surely 
valid objections to the change and it seems 
a pity that the R.S.G.B. seems to have 
conceded the point. 

In the first place the syllabus for the 
Radio Amateur’s Examination has never 
included any requirement for candidates to 
understand or use decibel notation; but 
even more to the point is that relatively few 
amateurs have test equipment capable of 
measuring acurately the carrier power 
supplied to the aerial (and is this the power 
supplied to the feeder or to the actual 
radiating element — often two very dif- 
ferent things?). Nor is there any real 
reason why amateurs should be forced into 
acquiring such a measurement capability. 
A d.c. input limitation encourages high- 
efficiency amplifiers and sets a clear, and 
‘easily measured, limit to the power. 

-The delays and problems in respect of 
the new “schedule”. were reflected in the 
time it took to issue new licences to those 
who passed the R.A.E. last year. The situ- 
ation in the U.K. compares unfavourably 
to those in many other countries. In Swe- 
den, for example, where the multiple 
choice technique is also used, it is possible 
to take the examination on any working 
day throughout the year and to be told 
whether you have passed or failed at the 
time. The Swedish Morse examinations 
(no test for Technician licence for v.h.f.; 8 
w.p.m. for 10-watt Class C novice c.w. 
licence; 12 w.p.m. for 75-watt Class B 
licence; 16 w.p.m. for 500 W Class A 


licence) are machine generated and the- 


candidates sending is recorded. Sweden is 
even prepared to issue “guest” licences to 
foreign amateurs on merit without in- 
sisting on an official reciprocal licence 


agreement. One result is that there are ` 


some 8500 licences in a population of 
about 7.5-million, and Swedish amateurs 
are a pleasure to contact, reflecting the 
sensible regulations. 


Cable tv problems 


In North America leakage of amateur sig- 
nals into and out of wideband cable televi- 
sion systems is becoming a major problem 
to radio amateurs. It has even been termed 
“a new strain of the radio-frequency-in- 
terference virus” in a strongly worded 


QST editorial by Richard Palm, K1CE. 
He points out that while, on paper, cable 
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systems are non-broadcast facilities close 
to the outside environment this is often far 
from being the case in practice. But it does 
mean that the frequencies used for distri- 
buting television signals along relatively- 
leaky co-axial cables are chosen by the 
industry itself on economic grounds alone.’ 
The result is that the distribution frequen- 
cies are more and more often within the 
v.h.f. bands allocated internationally and 
by the F.C.C. to amateur radio. Instead of 
being true “closed-circuit” the systems 
leak signals out into highiy-used bands, 
including 144MHz, in violation of F.C.C 
standards and so ruin weak-signal re- 
ception by amateurs, but are also them- 
selves frequently susceptible to strong 
local transmissions from amateur stations 
operating fully in accordance with their 
licences. When viewers complain to the 
cable companies, A.R.R.L. suggest, 
“many companies promulgate the myth 
that the amateur is at fault.” Poorly 
shielded components and installation, poor 
maintenance of the cable systems, the 
choice of frequencies with amateur bands, 
are all adding to the problem, while the 
current cut-backs in the American govern- 
ment-funding of F.C.C. mean that the re- 
gulatory organization is now in the throes 
of a financial crisis and “willing but unable 
to enforce its rules” on the cable com- 
panies. 


An h.f. convention 


V.h.f. conventions in the UK have a long 
and extremely successful record stretching 
back over many years, attracting at- 
tendences of over 1000 enthusiasts. But 
attempts to organise equivalent conven- 
tions for h.f. enthusiasts have a more 
chequered history with some having to be 
cancelled for lack of support. However this 
has not deterred the R.S.G.B.’s h.f. com- 
mittee from organising an ambitious one- 
day event at the Belfry Hotel and Confer- 
ence Centre, Milton Common, some 9 
miles along the M40 (Exit 7) from Oxford, 
on Saturday, June 19. The programme 
includes a trade exhibition, lectures, 


. forum, films, a special display and demon- 


stration of low-power (QRP) operation 
with the co-operation of the G-QRP-Club 
using the call-sign GB2HF. A talk on h.f. 
aerials, including those for 10, 18 and 
24MHz, is to be given by Louis Varney, 
GSRV while the writer of these notes is 
trying to work out what to say about h.f 
communications receivers. 


Hazard of PCBs 


The recent disclosure that there was a large 


spillage of polychlorinated biphenyls . 


(PCBs) in 1981 due to bomb damage in 
Northern Ireland to a large power transfor- 
mer shows once again that there is still a lot 
of this highly-dangerous substance 


around, For many years PCBs were widely 
used as a coolant in oil-filled transformers 
and capacitors, including some used with’ 
fluorescent lamps. Manufacture did not 
stop in the U.K. until 1977, following the 
discovery of its dangerous effects. 

Any oil-filled component that shows 
signs of leakage should be treated with 
care. A useful test recently suggested by 
Brian Castle, G4DYF is to take a piece of 
copper wire. Put it in a gas flame and burn 
off the dirt until the flame is clear. Allow 
the wire to cool, then dip it in the suspect 
oil and return it to the flame. If it aow 
burns yellow, it is ordinary oil. If it burns 
bright green, PCBs are probably present. 
Note that this is not a positive test but it. 
does provide a useful guide as to whether 
the oil is harmless. 


Here and there 


A new 28MHz beacon is expected in 
operation shortly on Gough Island in the 
South Atlantic. With callsign ZD9GI it 
will operate on 28.2125MHz. 

A balloon carrying a 146/432MHz 
translator plus beacon transmitters and ex- 
pected to reach heights of 15 to 20km is 
due to be flown several times this year in 
South Africa. After reaching its maximum 
height the balloon is expected to burst and 
the equipment come down on parachute at 
distances up to about 250km from the 
launching point. As it comes down a 
144MHz transmitter will be activated to 
allow the package to be tracked by d/f and 
recovered. 

Membership of the British Amateur 
Television Club is expected to reach 1400 
this year. The club notes that the BBC 
microcomputer is well suited to the display 
of slow-scan television pictures on domes- 
tic tv sets. The club has recently published 
a special issue of CQ-TV (no 117) largely 
devoted to amateur television equipment 
for the 24cm band. It also proposes a plan 
for this amateur band including a main tv 
repeater channel (output 1242.25MHz 
vision, input 1274.25 MHz vision) an al- 
ternative repeater channel (output 
1250.25MHz, input 1282.25MHz) and a 
simplex amateur television channel 
(1258.25 MHz). In each case the sound 
channel would be 6MHz higher. 

Forthcoming mobile rallies: June 20 
Denby Dale at Shelley High School, Skel- 
manthorpe, near Huddersfield. June 27 
Longleat mobile rally organized as the 


Bristol RSGB group’s 25th event; Rolls 


Royce Sports & Social Club, Barnoldswick 
(6 miles south of Skipton). July 11 Wor- 
cester rally at High School, Ombersley 
Road, Droitwich. July 18 Pembroke’s 
“Bucket and Spade Party”, The Regency 
Hall, Saundersfoot; Sussex rally at 
Brighton Racecourse; and Cornish rally at 
Technical College, Cambourne. i 

PAT HAWKER, G3VA 


NRZ RECORDING FOR 
SMALL COMPUTERS © 


The majority of small computer recording systems use the Kansas City cassette recording 
format, with a data rate limited to a few hundred baud. L. Hayward proposes a non-return 
to zero recording system for the Nascom 1 and 2 — the circuit should be adaptable to 
others — and compares performance with that of the Kansas City interface. 


Most small computer systems, in particu- 
lar those machines offered to the amateur 
user, have adopted the audio cassette as a 
convenient method of data storage. Cas- 
sette players are readily available at a low 
price, the only reasonable alternatives be- 
ing open-reel recording or expensive disc’ 
drives. The Kansas City recording stan- 
dard; developed to use the audio cassette, 
works well and has become popular due to 
its tolerance of tape-speed variation, 
typically 30%. This allows users to ex-: 
change recordings between machines of 
almost any type. But this speed tolerance is 
the only significant advantage of the 
system — its disadvantages are susceptibil- 
ity to tape dropout and slow data speed. 
Some systems optimistically offer a data 
rate of 1200 baud, but using cheap cassette 
decks the best that can normally be at- 
tained is 300 baud. The encoding and de- 
coding circuitry involved is fairly complex, 
using as many as seven or eight large-scale 
integrated circuits, and enables the user to 
adapt either the existing audio cassette re- 
corder, or use a “bare-bones” deck, with 
mechanism and record-playback head 
only. 

Using one of the worst cassette decks I 
have encountered reliable recording was 
achieved to a rate of 1200 baud, with fair 
operation to 2400 baud 1% in/s. The only 
disadvantage of this is its in tolerance of 
speed variation: 5% instead of the 30% 
offered by Kansas City, assuming that the 
usual uart (universal asychronous receiver- 


From ua.rt 


By L. Hayward 


transmitter) is used in the computer. This 
speed restricition will normally only be a 
disadvantage if tape transfers from one 
recorder to another are to be made. Any 
recorder having a cyclic speed variation of 


` greater than 0.5% would be totally useless 


for musical reproduction, and most cas- 
sette recorder mechanisms can achieve 
better speed regulation. 

The n.r.z. system is well known, and 
has been used in computing systems for 
years. No h.f. head bias is used, and the 
tape is magnetically saturated in a negative 


or positive sense, depending on whether a 
zero or a one is written. There is no condi- 
tion of zero flux, hence the name: non- 
return to zero. As the tape is saturated no 
erase head is required, and the system is 
less sensitive to tape drop-out or variation 
between various types of tape. Ideally, the 
system should use heads and tape designed 
specifically for this type of operation; 
practical results have shown however, that 
ordinary heads and tape are quite suitable. 
The use of certified digital cassettes such 
as the Scotch type 834A is recommended 
for the most reliable operation. The circuit 
shown was specifically designed for use 
with Nascom 1 and 2 computers, but 


+5V—------ 
| | | | | | Data from vart. 
QV-------+----- 


Record 


Output from replay amplifier 


Replay 


+5V-—-----=— 
oo4 stl Recovered data from Schmitt 
V- -> s 


Inhibit 


To ua.rt. 


Note: pin 1 {IC} pin 7 (IC)) to+5V 
pin 8 (IC,} pin & (IC,) to 0V 
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In this proposed data-rate divider for 
Nascom, clock rate is 16 times data rate. 


should be suitable for most other computer 
systems with little change. 
Principles of operation 
Record mode. The data output from the 
u.a.r.t. is applied to a 4049 buffer. Sec- 
tions of this buffer are connected so that 
the current through the head and current- 
limiting resistor is reversed in direction as 
the input changes from logic high or low. 
The choice of resistor shown is suitable for 
a typical cassette recorder audio head. It 
may be reduced if more current is re- 
quired, up to a maximum of 10 mA for 
other heads. 

Replay mode. A 3130 op-amp is used as 
a differential amplifier. This mode of 
operation permits considerable hum to be 
picked up in the head connecting wires 
without interference. The gain of 1000 was 


500 kHz { Derived from clock divider chain } 


Data rate 


30 / receiver 
uart, clock 
1200 Transmitter 
Part of Eon 
4049 


found to be sufficient to cause the output 
to clip when replaying data. The input 
coupling capacitors were made much 
larger than necessary, considering the fre- 
quencies involved, to permit the head to 
short-out the amplifier input at low fre- 
quencies and prevent hum pick-up by 
capacitive stray coupling. The high fre- 
quency response of the amplifier is rolled 
off to avoid possible pick-up from the 
nearby clock generator and dividers in the 
computer. 

As the voltage output from the head is 
proportional to the rate of change of flux 
the amplifier output will consist of narrow 
pulses coincident with the timing and 
direction of the data. In between these 
pulses, the amplifier output falls to 2.5V. 


A Schmitt trigger circuit using part of the 


4049 is-used to hold the state of the 
previous positive or negative excursion, 


‘and thus output restored data to the 


u.a.r.t. Hysteresis is used to make the 
output insensitive to spurious small out- . 
puts from IC2, The u.a.r.t. requires that — 
the receiver input terminal remains high 
until the data transmission begins. An in- 
hibit input is provided, which when high 
prevents IC2 from changing the Schmitt 
trigger output. This point is conveniently 
connected to the drive l.e.d. transistor col- 
lector in the Nascom, thus making the 
computer ignore all data until the ‘c Load’ 
or ‘R’ command is executed. The sug- 
gested divider circuit is useful if the stan- 
dard data rates of 300 and 1200 baud are 
required from the Nascom 1. Power 
supply required is a single +5V supply; 
current drain is so small that an existing 
computer supply should easily accommo- 
date it. 

I suggest that circuits such as this be 
included in small computer systems as an 
alternative or addition to Kansas City. It 
shouldn’t be too. difficult for manufactur- 
ers of ready-built systems to offer a com- 
pleted cassette system as part of the pack- 
age. If such devices are made available 
with accurate speed control, thus giving 
interchangeability, it is likely that the 
more logical n.r.z. will be adopted uni- , 
versally, 

It should be fairly easy to produce a 
machine with a speed correct to within 5% 
for reasonable cost. A normal diesel engine 
with a crude mechanical governor can 
meet 5% regulation of speed, so why not a 
simple cassette drive? 


Pt 


Heretics guide to 
modern physics 


Continued from page 81 


to judge the physical credibility of any 
new hypothesis, providing us with a 
critical faculty which in recent times has 
been woefully lacking. 

The first miracle we shall examine will 
be the one I mentioned at the opening, 
namely the mechanism of the transmission 
of light energy through empty space. Our 
first philosophical milestone will be conse- 
quential and closely related to it: an under- 
standing of the true function of “‘waves” in 
modern physics. We shall have to go back 
some 200 years in scientific history to find 
a suitable starting point. Our route will 
take us from Newton to Heisenberg: via 
electromagnetic theory and the acute 
distress it suffered when denied an aether; 
via practicable photons, quantization, non- 
existent matter-waves, and a restricted Prin- 
ciple of Indeterminacy; and ultimately to 
an affirmation that the Law of Causation is 
obeyed in physics not only statistically but 
in all circumstances. In each of these areas 
I will present ideas for your consideration 
which although far removed from conven- 
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tional scientific doctrine are yet strictly in 
accord with the findings of experiment. . 


These ideas will add up eventually to a 
self-consistent whole, but not yet, I regret, 
‘toa fully-developed Theory. 
All that I have to say is very simple, and 
indeed I hope to show how simple Nature 
really is when the dust of man-made confu- 
‘sion has been swept away. William of 
Occam said that fundamental assumptions 
should not be multiplied unnecessarily, 
and I am a follower of William of Occam.0 


C.b. frequency synthesis 


In Fig. 4 of the article on 40 channel c.b. 
frequency synthesis, which appeared in 
the November 1981 issue of Wireless 
World, there should be a 1nF capacitor in 
the line between the bottom end of L, and 
the MV2110 variable-capacitance diode. 
Without this capacitor the a.f.c. is in- 
operative. 


87 


Paris 


components 


S h OVW from Martin Eccles in Paris 


France’s foremost electronics exhibition 
— Salon International des Composarts 


Electroniques — this year attracted over 


1700 exhibitors representing 31 different 
countries. Held for the last time at 
Paris’s Parc des Expositions, the 25th 
annual Paris Components Show, despite 
slight increases in the number of visitors 
from outside France and the total 
number of exhibitors, saw a fall in at- 
tendance. According to the French 
Trade Exhibitions office in London, 
there were just over 85700 visitors, as 
opposed to last year, when 95124 perma- 
nent passes were issued. But considering 
current economic restraints, the figures 
are still quite impressive. 

In 1983, the show is to be held in No- 
vember, instead of early April as has 
been the tradition, at the North Paris 
Exhibition Grounds, and after that be- 
come biennial to alternate with the 
Munich exhibitions. A more specialized 
exhibition will be held at the North Paris 
site each even year. 


Surprisingly, perhaps, the current ‘world’s 
fastest? 16K c.m.o.s. static r.a.m. has 
been developed in France and is, initially 
at least, to be manufactured there. Access 
time of the HM65161 2K by 8-bit memory 


a 


is 55ns (maximum) and its power con- 
sumption is 5004W in standby mode or 
30mW while enabled. This device is the 
outcome of joint efforts by Harris and the 
exhibitors, Matra Harris, who were also: 


showing the HD6409, a c.m.o.s. Manches- . 


ter II encoder/decoder for full duplex 
operation up to 1Mbit/s; the MA1200 30 
MHz gate array with 1200 gates each with 
a propagation-delay time of between 2 and 
4ns, and the HM8048 microcontroller to- 
gether with its c.m.o.s. counterpart. 
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Oriental Motors are contemplating distri- 
buting their products in the UK, possibly 
by the end of the year. When asked why 
their motors might be bought in the UK in 
preference to similar products from other 
manufacturers, the representative replied 


predictably that they would be competi- . 


tively priced. The company’s stepping 
motors, part of a large range of induction, 
reversible, synchronous, geared and fan 
motors, have a step angle of 1.8° and are 
designed for a —10 to +50°C operating- 
temperature range. Direct-voltage ratings 
of the 19 motors range from 1.8 to 24V and 
current-per-phase ratings range from 0.2 
to 4.5A. Maximum and minimum volta- 
ge/current ratings don’t always coincide, 
but to give an indication of performance, a 
4.5A, 1.8V motor has a 123Ncm holding 
torque and a 24V, 0.21A version has a 
41.2Ncm holding torque. The 1.8V 
motor is 62 mm long and 
the 24V version, 

51mm long. 
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By far the majority of contemporary exhibition stands consist for the main part of nooks, 


often formed by zig-zagged partitions, the most effective of which are erected diagonally 
across the podium. Often, traders without visitors will step away from their stand waiting 
for an unsuspecting fly to be attracted into one of these embryonic niches and, when fairly 
certain of their potential prey’s species, move in from behind and weave their web. This 

-show is no exception, but ds it is so large, one can still find many of the more modest 
exhibitors with stands where one can browse without being pounced upon. 


we 


‘is 
Y S 


A computer-aided design system shown 
by EIE, a Swiss company specializing in 


the manufacture and distribution- of 


printed-circuit board design equipment 
since 1974, has its limitations. Firstly, 
boards greater than 232dm? and con- 
taining more than 360 i.cs cannot be de- 
signed on it. Further, only 15 colours from 
a choice of 4096 may be used, restricting 


_ the system’s use to designing boards with 


no more than 15 layers. But as 25ft? boards 
and printed circuits with more than 15 
layers are hard to find, further comment is 
justified. The computer can resolve layout 
tolerances down to 0.0025mm and, when 
combined with the company’s drum 
photo-plotter, be used to produce art work 
accurate to within +0.01mm. Dimensions 
may be displayed on the screen in two 
ways, either from the board’s pole to the 
cursor or between two points on the 
‘drawing’, and commonly used component 
forms may be selected from a permanent 
memory. To the operator, System 81 looks 
like a large desk with a keyboard, swivel- 


' ling v.d.u. and joystick. A 32-bit, bit-slice 


processor coordinates the graphics, 
supplemented by 1.5M byte of semicon-. 
ductor memory, an LSI11 for handling i/o 
and arranging data files and two 8in disc 
drives. Options other than the drum 
photo-plotter already mentioned include 
20M byte hard-disc drives, a printer and 
GPIB pen plotter interface — so one can 
imagine the further limitations. 
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Still on the same subject, but at the other 
end of the price scale, Colvern had a 
microcomputer with colour graphics 
adapted for computer-aided design on 
their stand. The company isn’t moving 
into this area though — they only manu- 
facture the 3-axis controller used. Bitstik- 
Apple graphics, as the system is called, is a 
product of Robocom and can be supplied 
as a basic conversion kit for existing 
Apples, with or without colour facilities, 
or alternatively as a complete system with 
various options for hard-copy, etc. The 
kit, priced at around £187, comprises the 
previously mentioned controller (which is 
actually a joystick, but not to be confused 
with a games paddle) design-aid software 
on disc and a manual. As this is a general- 
purpose design aid intended for compiling 
anything from artistic to architectural 
drawings, component ‘library’ software for 
printed-circuit board design is to be avail- 
-able as an option. One feature of this 
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system is that a single picture element may 
be zoomed in on to fill the whole screen, 
i.e., a single master page may be broken 
down into 16000 pages. This means that 
information, such as an op-amp’s parame- 
ters, may be stored in a small area which is 
invisible on the overall view. 
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Numerous photographs of disc-drive 
heads initially attracted us to this com- 
pany’s stand. On glancing at the brochures 
there, we found that Paris’s Samson Data, 
and their Belgian counterpart, Samson 
Computer Supplies, represent Information 
Magnetics Corporation, an American com- 
pany offering a hard-disc head refurbish- 
ing service. They also supply numerous 
professional computer and computer-re- 
lated appliances, such as disc packs, 
read/write heads, magnetic tapes, 
alignment discs and anti-glare filters for 
v.d.us. Occasionally at such exhibitions we 
meet people who hear the name Wireless 
World for the first time and respond cau- 
tiously, and probably in their eyes tact- 
fully, with “I don’t think we have anything 
that will be of interest to your readers.” To 
explain the evolution and current scope of 
the magazine is time consuming so we 
usually take one or two issues along to 
keep initiation discussions brief. A genial 
M. Samson hadn’t heard of us and on 
seeing our only two issues decided to keep 
them, despite our insisting that we wanted 
them back. We thought at first that he had 
simply become accustomed to people 
handing out free magazines but after a 
brief rapport realized that he was serious. 
Finally, M. Samson won, after fruitlessly 
offering a cheque or cash and the promise 
of a subscription in exchange. for the two 


‘magazines, by tendering a slightly imper- 


fect disc-drive carriage fitted with 13 heads 
~ an offer we couldn’t refuse. 
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Caesium frequency standards are not un+ 
common nowadays. Besides their more ab» 
vious uses in national time services, metro» 
logical applications and power stations, 
they are also used for a number of scien- 
tific and industrial purposes and in data- 
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transmission systems, satellite ground sta- 
tions and observatories. In outline, the 
International Telegraph and Telephone 
Consultative Committee (CCITT) recom- 
mends that international digital links 
should be synchronized with a frequency 
error of less than 1 x 107!!: the only 
practical way of achieving this accuracy is 
by using a caesium frequency standard. 
Oscilloquartz was showing part of its range 
of caesium standards and systems along- 
side its more conventional quartz crystals, 
oscillator units and frequency references. 
The 3000 is an uncased caesium oscillator 


. with frequency and long-term stability er- 


rors of +7 x 107! and +3 x 107!” res- 
pectively, intended as a module for use by 


equipment manufacturers. It gives a 1V 
r.m.s. sine-wave output at SMHz. Model 
3120 incorporates the 300 oscillator and 
gives sine-waves of 1, 5 and 10MHz with 
the same accuracy. This cased instrument 
is fitted with a 6-digit clock, control and 
monitoring facilities, output buffers, bat- 
teries and p.s.u. It measures 131 by 428 by 
546mm anid is suitable for rack mounting. 
The company can also provide complete 
systéms for all the applications mentioned 
above and a number of accessories are 
available for the standards mentioned. 
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Of course, the more familiar faces were 
also at the exhibition. Philips were exhibit- 
ing quite a number of recent and new 
products, ariong them a dual-clock analy- 
ser/35MHz oscilloscope. The PM3543, 
10MHz logic-state analyser has disas- 
sembly facilities for 16-bit microproces- 
sors, including the Z8001/2 and 8086, and 
for 8-bit devices from a number gf manu- 
facturera, Because of the dual clock, 
multiplexed-bus data and address lines 
may be separated so up to 16 data bits and 


21 address bits may be displayed, together 
with status information, using only 24 in- 
puts. The analyser section has a 255-word 
memory, and threshold levels may be set 
for t.t.l. or varied between —3 and +12V. 
Once logic has been analysed, the instru- 


ment can be used as a 35MHz oscilloscope 
to aid fault location. An I[EEE-bus in- 
terface is available as an option. Among 
other new products shown by Philips were 
two 75MHz lightweight service oscillo- 
scopes, one with a single timebase and the 
other dual, and an audio-distortion meter 
for measurements to DIN standards. 
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Two types of liquid-crystal display with 
129mm-high characters, one with seven 
segments and the other with a 6-by-7 dot 
matrix, have been produced by Fairchild’s 
optoelectronics division. Measuring 165 by 
110mm, these displays require typically 
5V r.m.s. at 5wA with all segments on and 
take either 45 and 130ms or 80 and 150ms 
to turn on and off respectively, depending 
on the type-number suffix. Seven-segment 
types. are disignated LTR1341 and dot- 
matrix types LTR1401. 
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In addition to a number of new semicon- 
ductors, RCA were illustrating the advan- 
tages of their colour-enhanced de- 
velopment system for 1802 c.m.o.s. 
microprocessor products. “Colour”, say 
the company, “not only enhances the 
display, but also simplifies and speeds up 
screen editing.’’ Fairly obvious, we 
thought, but.that doesn’t detract from the 
usefulness of the system. Floating-point 
Basic is held in part of a 30K r.o.m., as is 
assembling, éditing and monitoring soft- 
ware. A further 5K r.a.m. is included, 
leaving 29K free memory area for expan- 
sion, and permanent storage is possible 
using one of two cassettes. Any 


- CDP18S600 séries Microboard may be 


used with the system. The semiconductors 
mentioned earlier are firstly; two 4MHz 
microprocessors, similar in architecture to 
the 1802 but with 113 instructions as op- 
posed to the 02’s 91, one with 64 bytes of 
t.a.m., the 1805, and one without, the 
1806. Secondly, an 8-bit flash a-to-d 
converter for sampling speeds up to 
15MHz with 150mW power consumption, 
and a range of N-channel power 
m.o.s.f.e.ts, dubbed ‘low cost’, with cur- 
‘rent ratings from 1 to 18A and voltage 
ratings from 80 to 450V were mentioned. 


. The converter i.c. is the CA3308, and the 


power f.é.ts are RCA91XX and 92XX de- 
vices. 
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DIGITAL STORAGE 
OSCILLOSCOPE 


Two 100MHz a-to-d converters, 
one for each 35MHz bandwidth 
channel, are used in Gould’s 4500 
storage oscilloscope. Shown for the 
first time in the UK at the All 
Electronics Show, this instrument 

can be used to store and display 
aine aol or repetitive 
waveforms and is suitable for bench 
use, when it will be operated by 
means of its front panel controls, or 
as part of a test system under GPIB 
control. It can resolve 5.1 bits at 
35MHz, introduces a maximum 
absolute voltage error of +6.6% f.s. 
over the recorded range and, after 
40ns, responds to transients with a 
relative error of +0.4% Setting up 
of the front panel is aided by 
software-generated menus 
displayed on the screen; once a 


setting has been made, it may be- 


stored for later use or comparison. 
With these menus, the operator can 
select control functions for signal 
averaging, cursor positioning, 
trigger source and filtering options 
and plotter digital interface 
operation. Mathematical 
comparisons of reference and 
acquired waveforms are possible. 
For waveform comparisons, the 


4500 has a 4Kbyte reference 


memory and for acquired 
waveforms, a 1Kbyte per channel 
(or 2Kbyte in single-channel mode) 
memory. A floppy disc will be 
available for storing up to 30 
waveforms for later use either with 


the oscilloscope or with an external! 
computer/controller. The 4500’s: 


price is around £11,500, and it can 
be obtained from Gould 
Instruments Ltd, Roebuck Rd, 
Hainault, Ilford, Essex IG6 oe 
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GPIB 
COMPONENTS 
SERVICE 


Accessories and components 
specifically for general-purpose in- 
terface buses are available from one 
source. With ‘prior knowledge of 
the problems involved in designing 
GPIB’s, Wasec have formed a ser- 
vice offering a range of bus 


SKAREN TN 


Syk 
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‘transceivers, control i.cs, connec- 


tors, studs, cables, adapters, speci- 


fications and other data pertaining’ 


to these buses for enthusiasts, 
manufacturers and designers alike. 


A leaflet describing the service is 


available on request. Wasec, 45 
Hurstcourt Rd, Sutton,- Surrey, 
SM1 3JF. 
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SMALL FIBRE- . 
OPTIC LINK 


This 0 to SMbaud fibre-optic link 
with very small emitter and detec- 
tor elements can be used to 
transmit data over distances of up 
to 1200m. Transmitter and receiver 


units of Hewlett-Packard’s HFBR- 
0200 measure 7.8mm high, includ- 
ing shielding and connectors, and 
function at temperatures within the 
range —20 to +85°C. The receiver 
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‘1200 . baud 


i.c. has an optically transparent, yet 
electrically conductive, shield to 
improve its immunity to electro- 
magnetic interference and electro- 
static discharge; the receiver also 
has a logic-compatible output. Sus- 
pended sapphire-ball lenses opti- 
cally connect emitter and detector 
i.cs with the cable, without 
mechanical contact. These lenses 
also make connector alignment 
problems less critical. A kit, includ- 
ing transmitter, receiver, mounting 
hardware and 10 metres of cable 
costs £104.60 if less than ten are 
bought. Hewlett-Packard Ltd, 
King Street Lane, Winnersh, Wo- 
kingham, Berks RG11 SAR. 
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MICROCOMPUTER’ 


FOR EDUCATION 
AND CONTROL 


Some 12Kbytes of Basic tailored for 
control applications is a feature that 
Midwich Computer Co. hope will 
bring their MC system into 
educational establishments and 
laboratories. If a separate board, 
called an experimental unit, is 


.connected to. the Z80-based 


computer, ` combinations of an 
analogue-input. board, analogue- 


output board and digital- 


input/output board may be used 


with the system to perform many . 
complex _ control 


applications 
simply.. The computer has 
16Kbytes of r.a,m., a 300 or 1200 
baud RS232 interface and a 300 or 
cassette-recorder 
interface with motor switch. 
Binary, octal, decimal and 
hexadecimal numbers can be 
handled by the interpreter, which 
also has facilities for simplifying 
communications between Basic and 
machine-code routines, and real- 
time interrupt handling and nested 


scheduling facilities. A machine- 


code monitor is included. Prices 
are, £375 for the Microcontroller 
computer, £145 for the 
experimental unit, £55 and £35 


| respectively for analogue input and 


output boards and £55 for a digital 
io board. Discounts on the 
computer are available for 
„educational establishments. 
Midwich Computer Company 
Limited, Hewitt House, Northgate 


Street, Bury St Edmunds, Suffolk 


IP33 1HQ. 
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FLAT-CABLE 
CLAMP 


A two-part plastic assembly for 
clamping flat cables is available 
from Winslow. The Ribbon Wrap 
` can hold up to eight, 0.89mm-thick 
flat cables and is obtainable in three 
widths, for 26, 40 or 64-core rib- 
bons. Rivets, bolts, screws or self 
adhesive pads may be used to se- 
cure the base-plate section. Two 
ratchet-type lugs on the base plate 
hold the clamping section in place. 
Winslow International, 71 Tunnel 
Road, Tunbridge Wells, Kent TN1 
2BX. s 
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Professional readers are 


WIRELESS WORLD JUNE 1982 


ELECTRO ALUE 


popit 


CATALOGUE 82 


ZF. 
SOCKETS 


Send for Catalogue 82 before August 
31 to pages, A4—70p post paid) and 
ae you THREE 70p REFUND 
VOUCHERS FREE vatid for spending 

singly at any time on any one C. 
order minimum list value £1010 
quickly save you a total of £2.10. Send 
70p now for your EV Catalogue 82 + 3 
free vouchers by return... and all in 
addition to the other benefits 
{discounts, guarantees to spec., brand 
new stock, etc) you enjoy by buying 
from Electrovalue. 


oe - USUAL AL DISCOUNTS + FREE POSTAGE 


DISCOUNTS 


% 

5 ATI orders Tovarat 2am: % SEMICONDUCTORS/ICs/OPTRONICS 
apeon orders over £57.50 {inc. x eE dy ln eic 
SAUD E O Te ET A CONNECTORS/SWITCHES/KNOBS 
cards. * POTS/FERRITES/METERS 
POSTAGE % BOOKS/SOLDER TOOLS 


Not charged on U.K. orders 
and more and more and more 


over £5.75 (inc. V.A.T.). If under, 

add 40p handling charge. 

ELECTROVALUE LTD. 28A St. Jude's Road, Englefield Green, Egham, 

Surrey TW20 0HB. Telephone Egham 33603 {London 87 33603: STD 0784 33603) Telex 

264475 Northern Branch ate: service only) 680 Burnage Lane, Manchester M19 
Telephone 061-432 4945. 


24, 28 and 40 Way Zero- 
Insertion Force Sockets 


Beryllium-copper “side 
wipe” contacts actuated 
by end lever 


High temperature 
(+150°C), solvent 
resistant mouldings 


Can be used for 
programming, test, or 
burn-in 


'@ Made in the U.K. by: 


HARWIN 


Harwin Engineers SA, 
Fitzherbert Road, Farlington, 
Portsmouth, PO6 1RT, Hants. 

Tel: (0705) 370451 Telex 86125 


Available fen stock NOW! 
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SUPERCAP SUPERCAP 
+ + 


5101 1703 7507 
C.MOS Programmable C.MOS 
R.A.M. Tuner Chip _ Microcomputer A 


1MONTH WEEK  __ 1DAY C 


Only part of the 

Anglia range of An lia 
NEC components # BE a 
COMPONENTS 


Telephone 0945 63281 
Telex 32630 ANGLIAG THE Rens OS NEED 


WW — 080 FOR FURTHER DETAILS 


Burdett Road, Wisbech, 
Cambs, PE13 2PS 


WW — 007 FOR FURTHER DETAILS. 


WIRELESS WORLD JUNE 1982 91 ` 


www americanradiohistory com 


_— 
en ie 
ee @gc.LOSCOPE oron 


_ TEST 
COMPONENTS 


ON THIS NEW OSCILLOSCOPE! 


@ Test solid state devices in, or out of, circuit 


@ Fast location of shorted, open and leaky 
components 


@ Test diodes, transistors, LEDs, electrolytics, 
FETs, MOS and CMOS etc. 


PLUS... 
@ Full function, dual trace, 12MHz oscilloscope 
@ Fine sweep and gain controls 


RF Communications Spares 


Transistors e Antenna e Batteries e Tubes 


Lowest Cost — Highest Quality Spares for 
Motorola: Repco: G.E. : Johnson: Hallicafters 
Also Military Radio Types 

PRC 25 : PRC77 : VRC12 : VRC240 


Look at these examples: 


RF Power Transistors 


2N3553 0.98 2N5070 8.98 MRF450 9.80 

2N3733 5.80 2N5590 6.98 MRF453 14.45 

2N4127 8.80 2N6080 5.30 MRF646 20.91 

-2N4128 10.77 2N6084 10.27 . MHW710-1 53.10 
Communications Tubes 

4-250A 49.88 6146A 3.60 6155 44.48 

4CX250B 36.10 6146B 3.95 6156 42.89 


All prices f.o.b. London packed for export. 
PLEASE APPLY FOR QUANTITY DISCOUNTS 
Call, Telex or write for more details or with 
your quotation request. 


SURSU LTD. 

159a Boyne Valley Road, 
We export Maidenhead, 
throughout Berks SL6 4DT, 

England. 
the world Tel: 0628 - 74615 


Telex: 848556 Sursu G. 
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MICRO ENGRAVER 


MICRO-PROCESSOR CONTROLLED ENGRAVING MACHINE 


| BSR DE LUXE AUTOCHANGER £20 


` 4€6.50. Size 18x 11x€!~ Post £1.50. 


Plays 12", 10” or 7” records, 
Auto or Manuail. A puan 
quality unit backed by BSR 
reliability. Stereo Ceramic 
Cartridge. AC 200/250V. Size 
13%x11%in. 3 speeds. 
Above motor board 3%in. 
Below motor board 2%in. 

Cut Board £1 extra, 


Post £2 


HEAVY METAL PLINTHS post ez 


Cut out for most BSR or Garrard decks. 
Silver grey finish, black trim. Size 16x13%in. 


DECCA TEAK VENEERED PLINTH. Post £1.50 

Superior finish with aie and panel for 

small amplifier. Board is cut for B.S.R. 

18Y4in.x 14 Vain x4in, Black/chrome facia trim. Also with 
boards cut out for Garrard £3. Plastic cover £6 


TINTED PLASTIC COVERS 
177&x 13%8x3Vain. £6 
174%4x93%8x3%in. £3 
13¥4x 12x 2Vain. 


18Y%4x12%2x3in. 
14¥%x 1212x27in, 
£5 165%8x 13x4in. 
15%4x 13%2x 4in. £6 9 1442x13%x 2%4in. 
17x1274x3%In. £6 17¥%4x 13%4x4 ein, 
Callers Only (not suitable for post) 


2112x14Y4x2%in. £6 21x13%x4Wķin. 
23%4x 14x 3%%in. £6 3074x 133¢x3Vin. 


i £6.50 Post 65p 


Hi— 4000 o.p.v. Battery included. 
11 instant ranges measure: 
4|/DC volts 5.25, 250, 500. 


DC amps 0-250ua, 0-250mA. 

+ #\Continuity and resistance 0 to 600K 
= ohms. 5 

De Luxe Range Doubler Model, 
50,000 o.p.v. £18.50. 7x5x2in. Post £1 


50ua 100ua, 500a, 

1ma, 5ma, 50ma, 100ma, 
500ma, 1 amp, 2amp 

25 volt, 50 volt, VU Meter. 
2%x2x1 Yain. Post 65p 2 


= e 
RCS SOUND TO LIGHT CONTROL KIT 
Kit of parts to build a 3 channel sound to light . 
unit, 1,000 watts per channel. Suitable for home £1 5 
or disco. Easy to build. Full instructions supplied. Post 95p 
Cabinet £4.50 extra. Operates from 200MV to 100W. | 
200 Watt Rear Reflecting White Light Bulbs. {deal for 
Disco Lights, Edison Screw. 6 for £4, or 12 for £7.50. 
Post 65p. Suitable panel mounting holders 85p. 


* KSL 


Devons 


BSR SINGLE 


PLAYER DECKS 
BSR P232 BELT DRIVE 
QUALITY DECK 
Manual or automatic play. 
Precision ultra slim arm. 
Cueing device. Bargain price 
With stereo ceramic cartridge 

P204 SINGLE PLAYERS SPECIAL OFFERS 
Two speed 33/45 r.p.m. hi-fi decks with stereo 
cartridges, cueing device and snake arm.. 
Ceramic ~ 240V AC £15 or 9V DC £19 
Magnetic — 240V AC £20 or 12V DC £24 


GARRARD 6-200 SINGLE PLAYER DECK £22 Post £2 
Brushed Aluminium Arm with stereo ceramic cartridge 
and Diamond Stylus, 3-speeds. Manual and Auto 
Stop/Start. Large Metal Turntable. Cueing Device. 
Ready cut mounting board £1 extra. 
GARRARD 730SP. 240V. £27.50. Magnetic Cartridge 
Snake arm, 3-speed:single player, p.p. £2 
BATTERY ELIMINATOR MAINS to 9 VOLT D.C. _ 
Stabilised output, 9 volt 400 m.a. U.K. made in plastic 
case with screw terminals, Safety overload cut out. Size 
5 x 3% x 22in. Transformer Rectifier Unit. Suitable 
Radios, Cassettes, models, £4.50. Post 65p. i 


DE LUXE SWITCHED MODEL STABILISED. £7.50. Post 
£1. 3-6-72-9 volt 400ma DC max. Universal output 
plug and tead. Pilot light, mains switch, polarity switch, 


DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Easy to build kit. + 
Controls up to 480 watts AC mains, £3. Post 65p. 

DE LUXE MODEL READY-BUILT 800 watts. Front plate fits 
standard box, £5. Post 65p. 


EMI 13/2x8In. LOUDSPEAKERS ` 


Model 450, 10 watss R.M.S. with 
moving coil tweeter and two-way 
crossover; 3 ohm or'8 ohm, 

£9.50 post £1.50. “Final Clearance”. 
SUITABLE BOOKSHELF CABINET 


RELAYS. 6V DC 95p. 12V DC £1.25. 18V £1.25, 
BLANK ALUMINIUM CHASSIS. 6x4—-£1.45; 8x6—£1.80; 


RCS “MINOR” 10 watt AMPLIFIER KIT £14 
This kit is suitable for record players, guitars, tape 
p'ayback electronic instruments or small PA systems. 

wo versions available: Mono, £14; Stereo, £20. Speci- 
fication 10W per channel; size 9⁄2x3x2in. SAE details. 
Full instructions supplied. 240V AC mains. Post £1. 


RCS STEREO FREMRI gi parts tc build this 
pre-amp. inputs for high, medium or low imp 

per channel, with volume control and PC Board £2.95 
Can be ganged to make multi-way stereo mixers Post 65p 


MAINS TRANSFORMERS Post | 


250-0-250V 70mA, 6.5V, 2A £4.50 £2 
250-0-250V 80mA, 6.3V 3.5A, 6,3V 1A £5.00 £2 
350-0-350V 250mA, 6.3V 6A CT £12.00 £2 
300-0-300V 120mA, 2x6.3V 2A C.T.; 5V 2A £12.00 £2 
220V 45mA, 6.3V 2A €2.50 £1 


AUTO 115V to 240V 150W £9. 250W £10. 400W £11. 500W £12, £2.) 
GENERAL PURPOSE LOW VOLTAGE 


Tapped outputs available Price Post 
2amp.3, 4, 5, 6,8, 9, 10, 12, 15, 18, 25 and 30V £6.00 £2 
1 amp. 6,8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £8,00 £2 
2 amp.6,8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 €10.50 £2 
3 amp. 6,8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48,60 €12.50 £2 
Samp. 6,8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £16.00 £2 
5-8-10-16V. V2 amp. £2.50 80p|15-0-15V, 2 amps 3.75 £1 . 
6V. 12 amp. £2.00 £1 20V1amp €3.00 £1 
6-0-6V. 112 amp. €3.50 £1 20-0-20V 1 amp €3.50 £1 
9V, 250ma, £1.50 80p 20-40-60V 1 amp £4.00 £2 
9V.3amp €3.50 £1 25-0-25V 2 am £4.50 £1 
9V, 50ma £1.50 80p 28V 1 amp Twice £5.00 £2 
10-0-10V, 2 amps €3.00 £1 30V 12am €3.50 £1 
10-30-40V, 2 amps €3.50 £1 30V5ampand 
12V. 100ma £1.50 80p 17-0-172a £4.50 £2 
12V. 750 ma £2.00 80p 35V 2 amps £4.00 £1 
12V 3.amps €3.50 £1 porgo 30-0-30V 4a and 20-0 
12-0-12V,2amps €3.50 £1 [20V za €10 £2 
CHARGER TRANS Post RECTIFIERS Post 
6-12 volt 3a £4.00+£2 6-12 volt 2a €1.10+80p 
6-12 volt 4a £6.50+£2 6-12 volt 4a £2,00+ 80p 


OPUS COMPACT m F 
SPEAKERS £22 pair Post ez 


TEAK VENEERED CABINE 
11x8¥2x7in, 15 watts 
50 to 14,000 cps. 4 ohm or 8 ohm 


U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE 
iz: ~JMINI-MULTI TESTER NEW © 


De luxe pocket size precision moving 
oil instrument. Impedance + Capacity 


NEW [baker] Star sound 


high power full range 
quality loudspeakers 
produced to give 
exceptional 
reproduction. ideal for 
Hi-Fi, music P.A. or 
discotheques. These 
loudspeakers are 
recommended where 
high power handling is 
required with quality 
results. The high flux 
ceramic magnet ensures clear response. 


MODEL INCHES OHMS WATTS TYPE PRICE POST 
MAJOR 12 48-16 30 HI-FI £14 £2 
DELUXE MKII 12 8 15. HIF £14 £2 
SUPERB 12 8-16 K] Hi-FI £24 £2 
AUDITORIUM 12 8-16 5 HI-FL å 2 £2 
AUDITORIUM 15 8-16 60 HI-FE £A £2 
GROUP 45 12 4-8-16 45 PA £14 «£2 
GROUP 75 12° 48-16 75 PA £18 f2 
GROUP 100 12 8-16 100 . Guitar £24 f2 
DISCO 100 12 8-16 100 Disco £24 £2 
GROUP 100 15 8-16 100 Guitar £32 £2 
DISCO 100 15 8-16 100 Disco £32 £2 
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BAKER 150 WATT MIXER/POWER 
AMPLIFIER £89 rost £2 
SLAVE VERSION £75 


For Organs, Discotheque, Vocal, Public Address, Three loud- 
speaker outlets for 4, 8 or 16 ohms. Four high gain inputs, each 20 
mv, 50K ohm. Individuat volume controls “Four channel” mixing, 
150 watts into 8 ohms R.M.S. Music Power, Distortion less than 
1%. Slave output 500 MV. 25K.ohm. Frequency Response 25 Hz 
~ 20kHz + 3dB, Integra! Hi-Fi preamp separate Bass & Treble. 
Compact — 16" x 8” x 54". Lightweight — 14Ib: Master volume 
control. Made in England. 12 months’ guarantee, 200/250v A.C, 
mains or 120V to order. All transistor and solid state devices, 
100 Volt Line £15 extra, 
New Stereo Slave Model 150 + 150 watt £125. Post £4. 
BAKER'S NEW PA150 MICROPHONE PA AMPLIFIER £129. PP £3 
4 channel 8 inputs, dual impedance, 50K-600 ohm 4 channel | 
mixing, volume, treble, bass, Presence controls, Master volume 
control, echo/send/return socket. Slave input/output sockets, 
) Ee E e a 


Jdeal for PA systems, Discos and Groups. Two inputs, i 
Mixer, Volume, Controls, Master Bass, Treble Gain. 


RCS offers MOBILE PA AMPLIFIERS. Outputs 4-8-16 ohms I 
20-watt RMS 12v DC, AC 240v, 3 inputs. 50K £46 PP £2. 
40-watt RMS 12v DC, AC 240v, 4 inputs. 50K 100v Line £75 PP £2 
4 or 8 or 16 and 100v line 


Mic 1; Mic 2; Phono; aux. o 
60-watt RMS, Mobile 24 volt DC & 240-volt AC mains. inputs 50K. 
3 mics + 1 music. Outputs 4-8-16 ohm + 100 volts line £95 PP £2 


Reed. 10x7—£2.30;  12x8-£2.60; 14x9-£3; | 16x6-£2.90; ; FAMOUS LOUDSPEAKERS 
@ Differential measurement mode -essential for 16x 10-£3.20. All 22in, deep. 18 swg. ee eee “SPECIAL PRICES” 
; ee EC dri nat ANGLE ALL 6x 34x ain. 185WG-30R aan, | ny System £38 pair. Post £3. MAKE MODEL ~ SIZE WATTS OHMS PRICE POST 
ne aes a swg. 6x4—45p; 8x6—75p; 
effective servicing of disc drives and tape STEPPING MOTOR XYZ MACHINE. Complete with micro-processor controller and 14x3-75p;_ 10x7~95p;  12x8-£1.10; 12x5—75p; POWVOLTAGERUECTROLYTICS MEI I Fe 105. EAS aaa” NEETER Oat coll se Wee 
recorders software programmed to engrave alphabet and numbers. Also features easy operno 16x6-£1.10; 14x9-£1.45; 12x 12—£1.50; 16x 10-£1.75, E 250 mf. All 18 volts. 23 mt/Gu/iOve 25 mtjev/10v; 47 AUDAX TWEETER fin 3 8 fs fI 
: programmable XYZ sequences to engrave, drill or cut out special shapes and logos. XY PLASTIC AND AL! BOXES IN STOCK. MANY SIZES RIOD, E ont Ge che GET i EN a a ASEAS MID-RANGE Ain So a fa -Ñ 
axis travel 180 x 150 mm., Z 10 mm. Mixed character sizes on a label from 1-99 mm. high- ALUMINIUM BOXES. 4x 4x14 £1. d2 ET 3x2x181. [A/T a N O OMN: Gy SEAS MIDRANGE Sn B 8 M20 f 
, a, ian Ease 6x4x2 £160. 7X5x3 £240. 8x6x3 £2.50. 10x7x3 £3.  nf/4v/10v/16v; 330 mf/4v/ 10v; 500 mf/6v; 680 SEAS MID-RANGE 4¥4in.100 8 £1250 £l 
j manufacture labels, We can also supply labels. 3350. x5x3 £2.75. 12x8x3 £3.60. All with lids, a ; z j 
f/6V/10v/16v; 1000 mf/2.5v/4v/10v; 1500 mf/ GOODMANS HIFAX 72x4% 100 4/816 2 £2 
A rea lie eee FOr ine (est, F.H, PRECISION ENGINEERS, sn SRBGEREGTINEN OV Naenae ogeso. RSNA SU ORME Ay fee igo" Coomans iia Masa a a B 
` ; p 24 Belvoir Ave., Trentham, Stoke-on-Trent = y ions d 500mF 12V 15p; 25V 20p; 50V 30p. 1200mF 76V 86p. in a 12.50 
service or development engineer. ERG OTABAITY, Dae hehe ane 1000mF 12V 20p; 25V 35p; 50V 50p; 100V 70p. RIGONDA GENERAL 10in 15 8 2 
Ditto 5%, Preferred values, 10 ohms to 10 meg, 3p. 2000mF 6V 25p; 25V 42p; 40V 60p; 1200mF 76V 80p. AUDAX POORER 1i S 44 all > 
Rae MORO RERET ANLE 69, ETE AR eI nE «= Sas ee aE ma g 
Details from: POWER SUPPLIES PICK-UP CARTRIDGES SONOTONE 9TA £2.50: STAHC £3.80. a R GOODMANS HPD vin 120 8⁄5 £2950 £ 


BSR Stereo Ceramic SC7 Medium Output £2. SC12 £3. 


4 HIGH VOLTAGE ELECTROLYTICS 
PHILIPS PLUG-IN HEAD. Stereo Ceramic. AU1020 (G306 -  2/S00V 


45p 8+8/450V 75p 32+32+16/350V 90p SPEAKER COVERING MATERIALS. Samples Large S.A.E. 


HIGH QUALITY COMBINATION SWITCH MODE AND STATIC GP310. GP233 -AG3306 . AG3310) £2. 8/450V 45p 8+8/500V £1 100+100/275V 85p B.A.F. LOUDSPEAKER CABINET WADDING 18in wide 35p ft. 
POWER SUPPLIES LOCKTITE SEALING KIT DECCA 118. Complete £1 16/350V  45p 8+ 16/450V  75p 150+200/275V 70p CASSETTE MONO REPLAY, Complete working £12.50 
Compre Ee 32/500V  - 75p 32+32/350V _ 50pi220/450V 
ANTEX SOLDERING IRON 240V 15W 3mm bit £5.25. p p 95p CASSETTE MECHANISM, 12V Stereo Heads £5 
Model No, JACK PLUGS Mono Plastic 25p; Metal 30p. 32/350V  50p 32+32/S00V £1.80 32+32+32/325V 75p CROSSOVERS. TWO-WAY 3000 c/s 3 or 8 or 15 ohm £1.90. 3-way 
AV81 JACK PLUGS Stereo Plastic 30p; Metal 35p. ere 95p 50+50/300V 50p 150+50+50/350V 95p 950 cps/3000 cps. 20 watt rating. £2.20. 3 way 60 watt £6. 
AV82D 12v 5A. + 5v 1A. Disc Drive supply . JACK SOCKETS Mono Open 20p; Closed 25p. 001 wp END an oat Onn ew LOUOSFEAKERBARGAINS l 4 ‘ 
Teac FD 50 Series JACK SOCKETS Stereo Open 25p; Closed 30p. HIME 200V Eo 400V Aa COOV AEE OD 5p. 3 ohm, 4in, Sin, 7X 4in, £1,50; 62in, 8 xSin, £3; Bin, £3.50. 10in, £5. 
FREE SOCKETS ~ Cable end 30p. Metal 45p. ` OOV Sp. 400V 10p. 600V 15p. 1000V 25p. 8 ohm, 2%4in, 3in, Sin, £1.50; 6%2in, £3; Bin, £4.50; 12in, £6. 
AV83 + 5v 8A. +12v 800mA. —12v 50mA. —5v 10mA. a ; b -22MF 350V 12p. 600V 20p. 1000V 30p. 1750V 50p. Mi í i 
2.5mm and 3.5mm JACK SOCKETS 20p. Plugs 20p. p p. P. p. 15 ohm, 34in, 5x 3in, 6x 4in, £2.50. 
TEASE e re ea ceontier® ..£33 DIN TYPE CONNECTORS à .47MF 1500V 10p. 400V 20p. 630V 30p. 1000V 860p. 25 ohm, 3in, 5x 3in, 7x 4in, £2.50. 120 ohm, 31⁄4in dia. £1. 
AV84 +5v BA. +12v 50mA. +25v 30mA.... £33 = i ONNE Di VALVE OUTPUT Transformers (small) 90p. \ p. 
F À Sockets 3-pin, 5-pin 10p, Free Sockets 3-pin, 5-pin 25p. TRIMMERS 30pF, : 
AV86 Transformer, Rectifier, Mounting Plate and Fuse....£18 Plugs 3-pin 20p; 5-pin 25p; Speaker plugs 20p; Sockets 15P. — MICROSWIT cH Bae Op. ee EnA, 500pF 30p. MOTOROLA PIEZO ELECTRIC HORN TWEETER, 3%in. square £5 
AV87 Power fail detect board 15MS .......sssssesesssseseeee- £7.50 PHONO PLUGS and SOCKETS ea. 15 INGLE POLE CHANGEOVER 40p. 100 watts. No crossover required, 4-8-16 ohm, 736x3/Ain. £10.50 - 


THE “INSTANT” BULK TAPE ERASER 

Suitable for cassettes and all sizes of tape reels. 
AC mains 200/250V. Hand held size with switch 
and lead (120 volt to order), ` ‘ i: 
Will also demagnetise small tools, 

Head Demagnetiser only £5. ei, 
R.C.S. LOW VOLTAGE STABILISED 

POWER PACK KITS £3.95. Post 65p 
All parts and instructions with Zener diode printed circuit, 
mains transformer 240V a.c. Output 6 or 71⁄2 or 9 or 12V d.c. 
up to 100mA or less, Please state voltage required. 


SUB-MIN MICROSWITCH, 50p, Single pole changeover. 
TWIN GANG, 120pF 50p. 500 plus 20 

GEARED TWIN GANGS 25pF 95p. 

GEARED 365+365+25+25pF £1. 

TRANSISTOR TWIN GANG. Japanese Replacement £1 


HEATING ELEMENTS, WAFER THIN 
Size 11x9x Vein. Operating voltage 240V, 250W approx. 
Suitable for Heating Pads, Food Warmers, Convector 


POTENTIOMETERS Carbon Track Heaters, Propagation, etc. Must be clamped between 


5k0. to 2MQ. LOG or LIN. L/S 50p. DP 90p. Stereo L/S two sheets of metal or ceramic, etc. 


£1.10. DP £1.30. Edge Pot 5K. SP 45p. ONLY 60p EACH (FOUR FOR £2) ALL POST PAID. 3 
337 WHITEHORSE ROAD, CROYDON 


RADIO COMPONENT SPECIALISTS aaa OSE Aen 


Radio Books and Components Lists 31p stamps. (Minimum post/packing charge 65p.) Access or Barclaycard Visa. Tel: 01-684 1665 for SAME DAY DESPATCH..Cash prices include VAT. 


p- 
Free Socket for cable end 20p. Screened Phono Plugs 25p. 
300 ohm TWIN RIBBON FEEDER 10p yd. 

U.H.F. COAXIAL CABLE SUPER LOW LOSS, 25p yd. 
COAX PLUGS ha COAX SOCKETS 20p. 

NEON PANEL INDICATORS 250V 30p. 

SOLID DIELECTRIC 100pf, 500pf £1.50. 


FARNELL INSTRUMENTS LIMITED 
WETHERBY LS22 4DH ' TEL.(0937)61961 
or TEL. (05827) 66123 (Southern Office) 


OpF £1. £9.50 Post S5p 


Please add £1.20 p.&p. to order. All units are supplied on a satis- 
faction or money back basis and carry a full guarantee. 


Send cheque/P.O. to: 


AVALON ELECTRONICS 


72 Ship Lane, Farnborough, Hants 
Tel. 0252 511098 
Trade and other enquiries welcome 
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v: Bandwidth DC-20MHz ee u r Sensitivity SmV-20V/ 
em (£2%} — Dual trace 

X: Timebase 0.2s-40ria/em inet x3 Magn. = Trigger SHz- 

_ 30MHz (4mm) ~ X-Y operation — Calibrator — Screen 8x 
10cm -- 2kV, 


For free data sheets of the full range contact: 


HA 


Be Cin Er AIRAS 
‘Sweep Delay, x10 ory eget io 
Trig. After Delay, CRT 14k¥V, 


EG RID. AAMECGARL. HAWER Gmbh 
taiee TRE 59, Avenue de ia République ore ieee ; — 
oh: (0482) 4131747 Telex: 8254B4 TANG lex: 270705 Tel: OGTHATGOTT/Telex: 0413808 
Villaroet 172-174 8840 Harbor a) 
knaag Port Washington, RLY. 11050 
: 230. 15.97 Phone: $1 IS 6BAS BAB 
‘ TWX: 510 2230826 
Prices U.K. List Ex. VAT 
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So iS.. PETICBM 


‘This book is. excellent.’ 
~- Jint Stragsma 


‘Unquestionably the most accurate 
and comprehensive reference I have seen to date.’ 
- Jim Butterfield 


Bestseller — comprehensive 
teaching and reference book on 
all software aspects of 
Commodores 2000, 3000, 
4000 and 8000 
microcomputers and 
peripherals. 


Many programs, charts and diagrams. 
17 chapters, appendices, and index. 
iv + 504 pages. 19 x 26 x 2%cm. 
Paperback. ISBN 0 9507650 O 7. 
Price in UK and Europe £14.90 each 
(incl. post and heavy-duty packing). 
LEVEL LTD., PO Box 438, Hampstead, 
London NW3 1BH. Tel: ehEZER: 9848. 


= e es S e E 


Cut out or copy coupon, or write to: 
LEVEL LTD., PO Box 43B, Hampstead, London NW3 1BH. 


copy/ies of Programming the PET/CBM at £14.90 {post free) 


I enclose cheque/P.O. for € or official order. 
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-APPLICATIONS HANDBOOK | 


by D. F. Stout £31.00 

Electronic Components and Systems fy W. H. Dennis £13.50 

| The Electronic Office by D. Jarrett £13.50 

H/B of Semiconductor and Bubble Memories by W. A. Tria 70 
í tf 
| Practical Techniques of Electronic Circuit Design by R. L. § 
Bonebreak ` £25.00 } 

Digital Inte Egiated Electronics by H. Taub £9.95 

Electronic Devices and Circuit Theory by R. L. Boylestad £10.95 
The Soul of a New Machine by T. Kidder £8.50 | 
K PRICES INCLUDE POSTAGE & PACKING xr | 

THE MODERN BOOK CO 


Specialist in Scientific and Technical Books 


15/21 Praed Street, London, W2 1NP 
PHONE: 01-402 9176 : Closed SATURDAY 1 p.m. 


Please allow 14 days for tegi or delivery 
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LOW PROFILE 
KEYBOARDS 


16 switch (4x4). Phos./Bronze gold-plated contacts. 
Keytop legends 0-9 plus 6 plain. 
G.F.P.C. Board with edge connections. 


Overall switch height from board 12.5mm. Switch 
pad area 65mm. sq. approx. 
PRICE £7 plus postage and VAT. 


Cheques for £9.20 payable to: 


AVONSWITCH PRODUCTS LTD. 


River Street, Pewsey, Wiltshire SN9 5DH 
Delivery within 14 days 
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* 500VA OR 250VA 
* SOLID STATE 

* HIGH STABILITY 
* ROBUST 

* VERSATILITY 

* RELIABILITY 

* SINUSOIDAL 


Reliable Frequency & Voltage Stabilization 


The efficient operation of sophis- 
ticated electrical and electronic 
equipment is, in many cases, de- 
pendent upon an electrical supply 
which is stable in both frequency and 
voltage. 


In many countries and even in the 
-United Kingdom during periods of 
heavy demand, the variation in the 
frequency and voltage is sufficient to 
introduce errors and the malfunction 
of such items as Recording equip- 
ment etc. Likewise, in certain areas, 
the only source of supply is from a 
Generator, the output of which can 
vary considerably when different 
loads are imposed. This has 
preciuded the use of a wide range of 


equipment in many countries.- 


Voltage Stabilizers are readily avail- 
able, but these do not stabilize the 
frequency of the supply which, 
many instances, is essential. 
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THE CINTEC 


SINUSOIDAL FREQUENCY 
VOLTAGE STABILIZER 


The CINTEC FREQUENCY & 
VOLTAGE STABILIZER provides 
the answer to both these problems 


When the supply frequency is fluctuating 
wildly, between 45Hz and 65Hz and the vol- 
tage by mofe than 10% the output from-the 
Stabilizer will not vary more than .01% from 
50Hz or 1% in voltage, even when different 
loads are imposed. 


Used by Government establishments, oil 
rigs. hospitals, police, video and electronic 


industry, shipbuilders etc, for a wide range of- 


applications including video systems, medical, 


frequency conversion, navigational aids and . 


sound recording systems. 


The CINTEC FREQUENCY & VOLTAGE 
STABILIZER’ is also available for supplies of 
100-125 volts, 45-65Hz with an alternative 
output of 50Hz or 6OHz at 115 volts or 230 
volts and as a dual frequency model with a 
switchable output of 50Hz or 60Hz. 


The Stabilizer may also be used as a frequency 
converter. For example, the supply to it can be 
any frequency between 45-65Hz and the 
output can be switched to either 50Hz or 60Hz. 


APPLICATIONS 


* SOUND RECORDING 
* VIDEO RECORDING 
x MEDICAL 
x MARINE 
* COMPUTERS 


* NAVIGATIONAL SYSTEMS 


Applications for the use of CINTEC 
FREQUENCY & VOLTAGE STABILIZER are 
more numerous than can be listed. Therefore, if 
you have a supply problem, contact CINTEC 
LIMITED whose engineers will be only too 
pleased to assist. 


SPECIFICATION 


INPUT 105-125 volts or 210-250 volts 
at 45-65Hz. 
OUTPUT 115 volts at 230 volts 


RATING 500VA or 250VA 


STABILITY Voltage + 1% No load to full load — 
Frequency + 0.01% No load to full load 


FREQUENCY 50Hz or 60Hz. Single or dual 
versions 

WAVEFORM SINUSOIDAL 

DISTORTION Less than 2% 

AMB TEMP —20°C to +40°C 

COOLING Fan cooled 

DUTY Continuous 

DIMENSIONS 432 (W) x 196 (Hu x 508mm (D) 
ee (17"" x 74!" x»20'") 

WEIGHT 45 or 30Kg as 

CONSTRUCTION Cabinet or rack mounting 

TERMINATION Cannon Connections at rear of 


case 
NATO CODIFIED 


24V DC Inverter 


In addition to the A.C. operated models, a 24v 
D.C. INVERTER Stabilizer is available which 
“operates from a heavy duty 24 volt battery and 
has output ratings similar to the A.C. models. 
This type of Stabilizer ıs paniculariy suitable for 
mobile operation. 


Cintec Ltd., Wandle Way, Mitcham, Surrey CR4 4NB, England. Tel: 01- 640 2241. Telex: 


946177 


er 
Details Specification and Brochure— Available Post Coupon or Telephone/Telex | 


ENEC Name 


Position 
Company 
Address _ 


WW6/82 | 


—CINTEC LTD! 


Wandle li Mitcham, Surrey CR4 4NB. England. Telephone: 01-640 2241 Telex: $4617? 
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PORTABLE 
MAINS 
FILTER 


SUPPRESSORS LTD. 


EAGLE ROAD, RYE, EAST SUSSEX 


This portable mains interference filter has been 
developed to provide good attenuation against both 
incoming and outgoing interference. 

The filter unit is rated conservatively at 13 amps and 
incorporates an earth line choke and ZNR for full 
protection against mains transients as well as R.F.1. 
The capacitors to earth meet the BS 613 limits for 
portable equipment. A discharge resistor is provided 
to prevent shocks when handling the 13 amp plug. 
The filter is suitable for a wide variety of uses 
including the protection of VDU, desk top 
computers, EPROM programmers and 
microprocessor development systems, as well as the 
usual range of digital and analogue instruments. 


Roxburgh Suppressors also manufacture a standard 
range of mains filters for general purpose 
applications and offer RFI laboratory facilities for 
custom built suppression. 


£42.49 inclusive of VAT and carriage. 


` 


TELEPHONE RYE(O79 73) 3725 


~ DAL. MINIATURE 
ON-OFF ; 


SWITCHES 
Gold-plated contacts. 
Sealed base. Ideal for pro- 
gramming. 6-position at 
less than half 


manufacturer's price 
ONLY 
+ Tp Vai 


Will fit into 14-pi 


socket. Ten at 65p ea.; per 


100 55p ea. 


UHF. MODULATORS 
Latest type, adjustable, 
ideal for computers. 

with data circuit 

Size 3x2¥2x1 inch . 

Onlv £3.50 
In screened case 


MINIATURE EOGE 
INOICATOR METER 
With illuminated dial scale 
0-10. F S.D. 100 microamp. 
Size 1⁄2 x 12 x Va deep. 

Only £1.65. 


MONSANTO 
Half-inch 
+ 1 Display 
High Intensity 
£1 each T 
set of4£3.50 | 
Common anode 
# 14Pin Dii Package 


BRIDGE RECTIFIER 
00 PIV 35 amps 


a 
ax tex Vain, £3.50 


ine 

Full spec. but no ciin; 
band. Per 1,000. 
MINIATURE MP. A 
POTENTIOMETERS, Mode! 
M2. High-quality, 5% 
tolerance, 2-watt, with tin. 
spindles. AN values, 47 
ghms-47k only 60p each 
per 10; 50p each per 100; 
40p each. 


HONEYWELL PROXIMITY 
DETECT! 


OR integral 
amplifier, 8v. D.C., £3.50 ea 


PHOTO CONDUCTIVE } 


CELL, £1.25. High-power 


Cds cell, 600MW, for 4 


control circuits, 

Resistance 800 ohm to 4K. 

Max. volts 240. Size 1⁄2 x 
in, 


RIBBON MICROPHONE 
with pre-amp. on chassis, 
£1.75. 


LM380 Amplifier. 
UM318N Hi-Slew 


MULLAD ee 


Pair £5.75 
Complete with Data 
teuas WEP 1157 


varicap Meda& Lon 
00 Tuner E25 


. “CRYSTALS COLOUR TV 
4.433619 me/s £1.25 
Miniature type sealed 
MINIATURE HIGH- 
QUALITY FANS 
“Whisper Model” by Ro- 


1.50 } ton. Low-power consump- 


j in series 
20 


LM384N, 5-watt Amp £1. 20 
LM393N Qual Com. 
7905 Reg. —5v.... 


STEREO CASSETTE TAPE 
HEADS. Quality 
replacement for most 
recorders with modnting 
plate. Record/Replay £2.80 


MARRIOTT TAPE HEADS 
Quarter track. 


Type 
f XRPS18 Record/Replay 
00 


ROGCN aerate ta 
XRPS36 Record/Repla 
(TS ME = 
XES11 Erase (each}....£1.00 
RECHARGEABLE 
ERIES 


BATTI 
VARTA nee volts pene, 


M/AH £1.50 
DRYFIT 6-volt, 4.5 pe 
£7,50 


XTAL FILTER 10.7 me/s. 


| tion {less than 10 watts). 


Sitent nong 115v. (two 
r 230v.). 
50/60H2. Size 442 x 412 x 


‘Wain. ONLY £6.50 EACH 
incl, VAT. 


BRAND NEW 
50% less than manufactur- 
er's price 
HEWLETT-PACKARD 
DISPLAYS 
5082-7650 


HIGH - 
EFFICIENCY 


HAND VERY BRIGHT eal 


Only £1.00 each 
Set of 6 for £5 


Half-inch red common į 


anode will raplece 
DL70/14-pin Dil, 
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LTRA SONIC 
TRANSOUCERS 40KC/S. 
Complete on 1Bin. 
Screened cable, £1.75 
each; pairs £2.95. 
ULTRA SONIC 
TRANSMITTER. Complete 
unit (uncased requires 
1 


5V), £3.25. 
FOSTER OYNAMIC 
MICROPHONES. 200 ohm 
impedance. Moving coll. 
Complete on chassis. £1.79 
pair. 


STEREO CASSETTE 
Mechanisms 6 èr 12 volt } 
Complete with Haeds + 
Erase and Solenoid, Breas i 
£5.50 


EX-MOTOROLA 
5 + 5-WATT 
CAR 
STEREO 
AMPLIFIERS 


Complete and tested units. 
Medium and Long Wave. 
Supplied as two built units 
{5 x 2 x 2in.} with circuit 
and data. Onty £5 pair. 
Includes pre-amp. 


“CHERRY” ADD-ON KEYPAD 


A compact 12-button 
f keypad suitable for use 
with Keyboard 

extend “its “tunctions 
# plus four extra keys 


HA 3 x 4 fon-encoded 
0 ats mode keyboard | 


| QUANTITY DISCOUNTS on ALL items (unless stated), 15% per 10, 20% per 50, 25% per 
100. All items BRAND NEW (unless otherwise stated). 
DELIVERY from stock — Add post 35p per order. 
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EXPORT enquiries 
invited 


"723 1008/9 
ars to: 404 EDGWARE ROAD, LONDON W2 1 


TELEX 262284 | 
Transonics 


Mono 1400 


TAER 


EO 
ALL MAIL ORDERS/EXPORT Snes 11/12 PADDINGTON GREEN, LONDON, Wz _ 


TYPE 9001 


TYPE 9056 1500 MHz. FREQUENCY DIVIDER BY 10. Divides input 
frequencies in the range 100-1500 MHz. by 10. May be 
used ahead of frequency meters and counters to increase 
the frequency of measurement. Enables UHF oscillators 


to be phase-locked to a lower Treguency high stability 


reference 

"POST AND PACKING 
PHASE LOCKED SIGNAL SOURCE 1-1000 MHz. 

POST AND PACKING 
WIDEBAND RF PREAMPLIFIER. 10 KHz.-100 MHz. Without 
tuning. N.F. 3.0 dB. Gain 40 dB. Increases sensitivity of 


instruments by 100 times 
POST AND PACKING 
TYPE 9025/FM BAND 2. 88-108 MHz. N.F. 1.0 dB. Gain ee. adjustable 
~40dB. Masthead/Lab. use. 15V. + DC at 30m 
POST AND PACKING 
RF PREAMPLIFIER. Aligned to your specified frequency in 
the range 1-250 MHz. N.F. 1 2 dB. saaan 40 dB. adjustable 


—40 dB. Masthead/Lab. use. 

"POST AND PACKING 
GASFET STRIPLINE UHF TELEVISION PREAMPLIFIER. 
N.F. 0.6dB. Gain 20 dB. Ch. group ‘A’ 21-34, ‘B’ 39-51, or 
‘CD’ 49-68. Masthead/local use 

POST AND PACKING 


GASFET STRIPLINE UHF PREAMPLIFIER. N.F. 0.5 dB. 

Gain 25 dB. Masthead/local use. Satellite 400 MHz. Radio 

Astronomy 408 MHz, Amateur 432 MHZ. .....:sssssncecessesesers 

POST AND PACKING 

- VMOS WIDEBAND LINEAR POWER AMPLIFIER. 30 KHz.- 
20 MHz. without tuning, 4 watts RF output. . 

ST AND PACKING 

VMOS WIDEBAND LINEAR POWER AMPLIFIER. 20 MHz- 
200 MHz. Without tuning. 4 watts RF output. 

POST AND PACKING 

LINEAR POWER AMPLIFER. Television bands 4 and 5. 8 


watts RF output. 
POST AND PACKING 
i a LINEAR POWER AMPLIFIER. 10 watts RF output. 1- 


POST AND PACKING 
patel OSPAR POWER AMPLIFIER. 20 watts'RF output. 1- 


230 
POST AND PACKING 

VMOS WIDEBAND LINEAR POWER AMPLIFIER. 20 MHz.- 

200 MHz. Without tuning. 20 watts RF output £120. 
POST AND PACKING £4.00 

VMOS WIDEBAND LINEAR POWER AMPLIFIER. 30 KHz.- 3 

20 MHz. Without tuning. 20 watts RF output. . £120.00 
POST AND PACKING £4.00 

VMOS LINEAR POWER AMPLIFIER. 1-250 MHz. 100 watts 

RF atputai eenia sorstens same ee esivertrastte C1 S900. 
POSTAND PACKING £5.00 


PLEASE ADD V.A.T 15% ON TOTAL 


RESEARCH COMMUNICATIONS LIMITED 


43/A COURT STREET, F. RSHAM, KENT ME13 7AL 
Telephone: he 33 45 96 36 39 
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TYPE 8032 
TYPE 9030 


TYPE 9025 


TYPE 9000 


TYPE 9045 
TYPE 9050 


TYPE 9053 


TYPE 9051 


TYPE 9054 


TYPE 9061 


TYPE 9062 


TYPE 9063 
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Ò HOUSTON INSTRUMENTS LOG VOLTMI rER-CONVERTOR Modal HLVC159. „£T! 
POLARAO FIELO Egat) METER type FIM-B2 with RF Tuning Unit FIM-X2 tad 


= LAYCARD (VISA) and ACCESS taken 
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Monday to Saturday in inc. 
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TEKTRONIX PORTABLE Hee es me 422. Dual Trace... 
TEKTRONIX STORAGE MONITOR 

TEKTRONIX Dual Trace OSCILLOS Bre fee 581A with CA Plu pin. 
TEKTRONIX CURVE TRACER type 575... 

TEKTRONIX AMPLIFIER type 1121... 

TEKTRONIX SAMPLING PLUG-IN 


TEKTRONIX PLUG-IN type 6 Single Trace Wide Band DC Oifferential. 
TEKTRONIX PLUG-IN type L Singte Trace 30MHZ High Gain 
TEKTRONIX PLUG-IN type M 4 Trace OC-20MHZ.. 


type 4342A 
HEWLETT PACKARO OC CURRENT SOURCE yp 
HEWLETT PACKARO WIOE RANGE OSCILLATOR type 200! 
HEWLETT PACKARO AUOIO OSCILLATOR type 200J... 
HEWLETT PACKARO PULSE GENERATOR Model 212A 
HEWLETT PACKARO OC MICRO VOLT AMMETER typa 
HEWLETT ae S SCILO SCOPE 182A with 1808A 
Trece Delayed Swat 
HEWLETT PACKARD DIGITAL VOLTMETI ER typa saana 
HEWLETT PACKARD VACUUM TUBE VOL’ ER type 410B with Probe: 
MARCONI i Sny UNIVERSAL BRIDGE type TF2701. Battery Operated.. 
DE RANGE OSCILLATOR type TF1370. 10HZ-10MHZ. 


type TF1060. 
MARCONI FM SIGNAL GENERATOR type TF1077/1 19.7-102.5MHZ. 
MARCONI UNIVERSAL BRIDGE type 171313. 0.25% .......... 
MARCONI VARIABLE ATTENTUATOR type TF1073A/25 (CT421) 


MARCONI AC La ETER typa TF2600 10HZ-5MHZ; 1mV-300V 
ETER REAMR FIER type 282.. 


Texas ‘SILENT 700 PRINTER Mo 
CALCOMP ORUM PLOTTER Model 564. 
MOSELEY WAVEFDRM TRANSLATOR type 101.. 


NORWOOD ROAD, READING 


(2nd turning | 


WIRELESS WORLD JUNE 1982 


IERTE 


SSSIRR FRAIS B 


SSSLRRESSLRSSSE 


ficial orders welcome 


MARCONI AM/FM SIGNAL G 
type TF1066B/6S 
POLARAD MICROWAVE SIGNAL GENERATOR Modei MSG-1 950-2400MHZ aa lal rd bands 
POLARAD MICROWAVE SIGNAL GENERATOR Model MSG:2 2180-4800MHŻ . 
C] B fe A 
GENERAL RAOIO FREQUENCY/OISCRIMINATOR METER type 1142A. 0-1: 
GENERAL RAOIO OSCILLATOR 12090; 120901; 1215C with Power Unit type 1 


960MHZ £5 
GENERAL RADIO DECADE Toa Be with ANALOG LIMIT COMPARATOR 
4782.and IMPEDANCE COMPARATOR £150 
STODOART RADIO INTERFERENCE & HED INTENSITY 


WAYNE KERR COMPONENT BRIDGE 
type B521 (CT 375) 
Resistance 1mOhm — 1000 MegOhm 
Capacitance 50 KF — 500 pF 
Inductance 1H — 500 kH 
with copy of manual 
ONLY £40 each 
AVO VALVE TESTER type CT160 
BELIX POWER UNIT type CMT3001. m rangos £80 {22 valve bases) with copy of manual 

PLESSEY TELEGRAPH TONAL GENERATOR TS610 with TOM type 70. Speed 50-75- £20 each j 
100 (2u m „£60 Copy of Valve Data £5 
f {only available with unit) 
AVO TRANSISTOR ANALYSER 
type CT446 with copy of manual 
£20 each 
Copy of Transistor Data £5 
{only available with unit} 
AVO SIGNAL GENERATOR 


No. 2 AM/FM ~ 
AM 0.45-225 MHZ; FM 20-100 MHZ 
with copy of manual 
£75 each 
MARCONI COUNTER/FREQUENCY METER | 
TF1417/2 with Convertor 
TF 2400/TM7164 — 500 MHZ 


240V +/— 0.3% 13A 3.1 
PHILIPS VIOEO AROA TESI 
As above but NO CASE. 
PHILIPS FM STEREO GI 
+/— 1% RF O/P ae mi 


£35 k 
| SINE & SQUARE WAVE AUDIO GENERATOR 
type TE-22, 20HZ-200KHZ. Portable as new 
< ONLY £35 gach. P&P £4 i, 


MULTIMETER 
Russian Type 4324 
AC/DC volts; AC/DC current; ohms, etc. 
Brand new, boxed. 
£12.50 each. P&P £2.50 


IKEGAMI MONITOR 

20” Blac hite 
AOVANCE SIGNAL GENERATOR type F A eal 
PYE SCALAMP 40KV RMS Max ELI E; Solid state. vee sint ext. Sync. 
PYE SCALAMP 20KV RMS Max ELECTROSTATIC VOLTMETER. „d eac! 


RANK ABENA EH.T. METER 0-30KV "635 
n | e oe 
E MONTOR iy K ie gest À ' ASR 33 — as above with 8-bit Punch and 


PLEASE CHECK AVAILABILITY BEFORE ORDERING Reader £75 
COMPONENT LIST AVAILABLE S.A.E. OR PHONE PDP 8 in 6ft RACK CABINET £100 


Ail units £6 carriage. Plus V.A.T. on tota 


ft past. Reading Technical Colleg 


Enclosures, desks, cabinets, boxes and accessories — 
whatever your needs, the choice is enormous — available ex- 
stock from Luton and through our 52 national distributors. 

In all shapes — from the big ` H’ Range of adaptable 

enclosures to front and top opening control desks. 

In all sizes — from the smallest electronic assembly box to 
the giant monobloc | 8000 Series (2100 x 1200 x 400mm). 

In all finishes — watertight steel, corrosion resistant plastic 
and tough glass fibre reinforced polyester. 

Whatever your choice, our highly trained sales staff can 
offer a total service. 

Assuring fast reliable delivery, at the right price — to the - 
right place — and right on time. 

It’ll pay you to choose Sarel, we have some great special 
net price quotations on large orders — phone now on Luton 
20122 or clip the coupon for our comprehensive, fact-packed 
catalogue and price list. 


Sarel — the infinite choice for enclosures. 


Think big — think Sarel 
Sarel Electric Limited 


Cosgrove Way, Luton, Beds. Tel: Luton 20122 | 
— ee ee en ee, eee Ee 
EP am very interested to learn more about your full enclosure range. 


Name __ 


Position ee 


Company 
Address _—— 


WW — 606 FOR FURTHER DETAILS 


vea m, 


PM COMPONENTS LTD PHONE P. M. COMPONENTS LTD ‘TELEX 


| 0474 813225 SELECTRON HOUSE, W 965966 
NENTS SPECIALISTS , WROTHAM ROAD 
Meee CONTONE 3LINES MEOPHAM GREEN, MEOPHAM, KENT DAIZOQY WEST STG 
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SN76660N 
SN76666N 
Sw1s3 
TA7061AP 
TA7063P 
TA?073AP 
TA7108P 
TA?7120P 
TA7130P 
TA?171P 
TA7172P 
TA7176AP 
TA7203 
TA7204P 
TA7205AP 1.! 
TA7222AP 1.! 
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3.00 
TBA641-B11 3.00 
TBA651 1.75 
TBA673_ 2.45 
TBA700Q 1.80 
TBA720A 2.45 
TBA720AQ 2.45 
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TBAI20A 0.70 
TBAI20AS 0.70 
F TBA1208 0.70 
.89 TBA120S 0.70 
TBA120SB 0.70 
TBA120SQ 0.70 
TBA120T 9.70 
TBA120U 1.00 
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SN76110N 
SN76115N 
$N76131N 
5 $N76226DN 
P SN76227N 
SN76532N 
SN76533N 
SN76544N 
SN76650N 1. TDA440 2.20 
SN76570N 1.00 -l TDA1002 1.25 
SN76620N 0.95 -l TDA1004A 2.20 
SN76650N 0.95 TDA1006A 2.50 
SN76651N 1.80 TDA1010 2.15 
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MC14011B 


ML231B 
ML232B 
ML237B 
‘ML238B 
ML239B 
ML920 

ML922 


SEMICONDUCTORS 


0.22 
0.20 
0.20 
0.32 


= 


' QQE02-5 12.75 
` QQE03-12 4.50 
QQE03-20 


27 
QQE06-40 

19.50 
QQV02-6 12.75 
QQV03-10 4.50 
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G1/371K 30. 

G55/1K_ 8.00 

G120/1B 8.00 
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Eccss 0.65 | G180/2M 9.00 
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USE READER CARD FOR DETAILS 
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CHILTERN ELECTRONICS 


B.C.M., Box 8085, London WCIN 3XX. Tel. 0494 714483 


MAIL ORDER BARGAINS 
All prices include VAT and Postage — Same-day despatch 
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CYCLON POWER PACKS. Chloride CYCLON power batteries deliver the 
same power as a car battery, at a fraction of the size/weight, but are 
completely sealed and can be used in any position. Charge at any rate on 
an ordinary car charger. Extremely rugged and virtually everlasting, 
these batteries are usually used on expensive aircraft systems. Two in 
series make ideal heavy duty supply for mobile 12-volt systems. Rated 6v 
25 AH. Brand new, straight from USA, and not out of date — and at a 
quarter of list price £28.75 inc. VAT/Postage 


GOULD SWITCH-MODE POWER SUPPLIES, 5v 20 amps. (BRAND NEW). 
These little pocket size modules weigh less than 4lbs. but deliver full 20 
amps at 5v. Add a pot to make variable 0-6v, or connect in series for 


higher voltages. 0.1% Regulation and full over V/I protection. List price 
CACO E oa ee Rr conchae dearan re Our price £40.25 


PROTOTYPE PC CARDS. Over 200 Common ICs (most 7400 series) in wire 
wrap sockets on useful wire-wrap cards. ICs/Sockets easily removed — 
NO UNSOINDETING sesnenses.srerorrereeseennesteeeerssoerenneneere DEAE Only £11.50 
VIDEO MONITORS 9-INCH. Standard Composite Video in. 240v PSU. 
Excellent definition — ideal for micro. Complete with service manual and 
ready to plug in A . £34.50 
ASCil KEYBOARDS. Top quality 84-key ASCII with all U/L Case and 
Control codes in CASE ...........ecsccceseeserseenenee Mei n E E .. £34.50 


POWER SUPPLIES 5v 3 amp. Standard Mains Input — out 5v 3a fully 
regulated and protected ....... ett we ea a a E £11.50 


EPROMS-TMS 2518. Brand new — these usually cost around £3 to £5 
GOGH: Aescrtsesetes AE atso Mererarse ser AAE .. Our price £13.80 for 10 


MODEM PROTECTION BOXES RS232. Completely isolate your valuable 
system from over voltage — consists of 2 RS232 Cannon Connectors, one 
on long lead, and neat aluminium box with 16 Zener diodes and fuses. if 
you are using external lines, connect this between your system and it 
could save you thousands Of POUNAS .........:..:csssessesernsnnesetecensersenees .. £11.50 
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GTIC S/S 134 
GTE175M 8.00 
GTR150W 1.00 
GU50 1150 
GXU1 13.50 
GXU3 24.00 
GXU50 
GY501 
GZ30 

GZ32 

GZ33 
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BF2! 0.28 
BF256/LC 0.28 
BF257 0.28 
BF258 0.25 
BF259 0.28 
BF271 0.26 
BF273 0.13 
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M17.151 GV/R . 
198.00 


tk WE HAVE NOW MOVED TO 
LARGER PREMISES xr 


CALLERS WELCOME 


te ENTRANCE ON A227 BY THE “LITTLE BLUE HOUSE” 
50 YDS SOUTH OF MEOPHAM GREEN 


L604 CAR PARKING AVAILABLE 
XR1-1600A % HOURS: MON.-FRI. 9.00-5.30. SATURDAY 9.30-12.00 
29. K 24 HOUR ANSWERPHONE SERVICE $r 


ACCESS AND BARCLAYCARD ORDERS WELCOME 
te MANY OTHER ITEMS AVAILABLE 9 


UK ORDERS P&P 50p PLEASE ADD V.A.T. AT 15% 
EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST 


` BBI05B ©. BYX10 - ed 


WIREWOUND ZENER DIODES 
RESISTORS 7 [_«BZX610.15 O 


6V2 7V5 8V2 9V1 10V 11V 12V 13V 


PREFERRED VALUE B7G ` 0.15 15V 16V 18V 20V 22V 24V 27V 30V 
iy a ee y ý B7G Skirted 33V 36V 39V 47V 51V 56V 68V 75V 
2K2-6K8 30 


f 0. 

Ts t ie Bez BZY88 0.07 
Ak 2V7 3V 3V3 3V6 3V9 4V3 4V7 5V1 
R47-4K7 . B9A Skirted 5V6 6V2 6V8 7V5 8V2 9V1 10V 11V 


onela . B10B oe 12V 13V 15V 18V 20V 24V 27V 30V 
0 


3 B13B .50 
1R-10K spinoit, 0.10 | THERMISTORS 


0 
inDIL 0.12 

15K-22K Sela ees "7V Power Mike 
0.30 


4Watt 
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$C1/1200 
SD3 


WE STOCK COMPLETE RANGE OF DEC SYSTEMS 
FROM PDPSE TO PDP11/70 AND VAX 
d FOR MORE DETAILS 
TELEPHONE NIGEL DUNN ON 0494 714483, ANY TIME 
For regular copies of our catalogue please send postcard with address 
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1R-10K j. TRIS E140 

z i oa 

15K-22K Hala iC es other prices on 
CANS 0.27 toques 


23 8% 
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83883532 8 


E235 11.00 
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Airmec Millivolt Meter Type 301A 
Pye UHF Signal Generator Type SG1U. 
Marconi AM/FM Signal Generator Typ 


Marconi 20 mHz Sweep Generator Type TF1099....... 
Motors suitable for driving cam switches 120volt AC 1 
RPM tie si 


Advance Signal Generator Type C2. 

Servomex AC Voltage Stabiliser 240 
Cathode Ray Tubes Type M38-100LG & M28- 
A TE T: A E E sence 


Modern 
Antique Cambridge Portable Electrocardiograph ..... 


Mains Isolating 
240volt C.T. output housed in metal box but less lid 


Volstat Constant Voltage Transforme 
put, 240 volt AMS output 250 watt ........- cscs 
Gould 25 watt miniature switch 
volt § amp 


Avo Valve Characteristic Meter MK IV. 
Marconi Carrier Deviation Meter Type 
Airmec Modulation Meter Type 210 


EEL Street Lighting Photometer Type 106/2 


Sinclair Digital Multimeter Type OM450... 
Telequipment Scope Type S51B esseere 
pewien E Packard Spectrum Analyser Type 8. 
PYE WESTMINS 
sets only. No mikes, speakers, credles or leads. £45 


we 


ndbo 


The 1982 edition contains:- 


other organisations. 


electrical industry. 


Very Large Capacitors 8 mfd 7-10 KV D.C, Wkg. .....- £25 

ies 746 style two tone grey, used but 
E E e a r e e £8 each 
cottish Instruments Microfiche Reader Model M20 £25 


ransformer 500 VA 240voit input, 
. £15 each 


is 


Marconi AM/FM Signal Generator Type TF995A/5 £2! 
Balix Power Unit Type TSS 156 0-30 volt 0-15 amp. Nat 


£7 
Schomandl Frequency Meter Type FD1 30-900 mHz e 


Marconi HF Spectrum Analyser Type OA PERE £100 
Meguro Signal Generator Type MG6-230E os 


R W15 AMD mid-band multichannel 


PYE VA 


sets only, no control gear, 
PYE REPORTER MF6 AM ligh band sets, complete but 
less cradles. Few only at £1 

PYE EUROPA MP5 FM Low band sets, complete but less 
mike and cradle, £90 

PYE EUROPA MF5 UHF Mobile sets complete but less - 
mike and cradle. 

PYE R412 UHF Base station receiver. £120 

PYE F460 UHF Base station complete and in good con- 


dition. £150 


tor. £25 


cost. 


. PYE WESTMINSTER W15 AMD mid-band crystalled 
` and converted to 129.9 MHz, 130.1 MHz and 130:4 MHz. 
Very Good Condition. £140 
PYE WESTMINSTER W30 AM Low band sets only. No 
control gear. Sets complete and in good condition. £45 
GUARD AM 25T High band, complete with 
leads, control box, etc. £25 
PYE VANGUARD AM 258 Low band, sets only. £10 
PYE BASE STATION F27. High band. £100 
PYE RTC Controller units for remotely controlling VHF 
and UHF fixed station radio telephones over land lines. 


me PC1 Radiotelephone controlier, good condition, 2 


PYE F401 Base station, High band AM: £400 
PYE BC10A Battery chargers for PF2, with battery adap- 


PYE POCKETFONES faik Suitable for 70cm, supplied 
with service manual. £2 
PYE BCS (New) Chargers for PF1 yo nate £25 

PYE PF2 High Band, 

24 VOLT to 12 volt Converters to Weaning: etc. £15 


PLEASE NOTE all sets are sold less crystals unless 
otherwise stated. Carriage on RT equipment — Mobiles 
£2 each, Base stations £15 each. Red Star available at 


B. BAMBER ELECTRONICS 


iC TEST CLUPS, clip over IC while still soldered to pcb 
or in socket. Gold plated pins, ideal for experimenters 
or service engineers 28 pin DIL £1. ah 40 pin DIL £2.00. 
Or save by buving one of e: 
‘AL FILTERS (2.4kHz Banasa], Low 
imp. type. Carrier and unwanted sideband rejection min 
—40dB (needs 10.69835 and 10. 70165 xtais Pg 
USB/LSB not supplied). Size aprox 2” x 1” x 1” 


10.7 MHz SSB 


£10.00 each. 


only at £50 each ISEP SLOTTED 

PYE CAMBRIDGE AM10D dash mount sets complete ngths. £4.00 each. 
£50 and ingeos condition but untested. £40 

PYE CAMBRIDGE AM10B Boot mount sets, high band 


ood condition. £25 a im reels. £5.75 


only at £55.00 each. 


ocketfones. £ 


remember to add 15% VAT to all Mail 


Orders. 


LOW PASS FILTERS (Low imp. type), 2.9MHz smail 

metal Encapsulation. Size 1⁄2" x Y4” 
N SCAN COILS (Transistor type, but no data) 

be red with vidicon base £3.50 each. Brand new. 


IN MULTICORE SOLDER 3 core solder wound.on a - 
plastic reel, 20 swg. Alloy 60/40 tin Idad. Available in 


each. 
RIGHT ANGLED PLUGS 75 ohm type GE 37502 C12 
gl aM 12 for £5.00. 
SCREWS. Pack of nuts, bolts, washérs, tags, self taps 
etc. Mixed BA and metric. Sold by weight. £2.00 per 


ilo. 
FERRANTI MICROSPOT CATHODE RAY TUBES Type 
3H/1010. Suitable for Photographic Multi-Channe} Re- 
corder Systems. Fitted with a mounting collar and 

prism cemented to the faceplate, screen aluminised 
PYE F9U UHF Base station. £50 hosphor P. The tubes are also fitted with mounting 
units type MU1053 and deflection coil type SC48A. Few 


We are open all day Saturday. Hundreds of 
bargains for callers. Stockist of Switches, 
Relays, Caps, Resistors, etc. Please 


each for £3. 


x y4”. 75p each. 


ONTAL RAIL available in 9ft. 


GOOD SECONDHAND EQUIPMENT 
ALWAYS WANTED FOR CASH 


5 STATION ROAR, LITTLEPOBL, CAMBS CB6 10E 


PHONE: ELY (0353) 860185 
WW - 071 FOR FURTHER DETAILS 


Electricity 
Supply 


ok -Your Guide to the Industry! 


An up-to- Ha copy of the Electricity Supply Handbook is the best reference 
for knowing who's who and what's what in the electricity industry, 


* Over 2,000 names and locations of 
executive personnel in the Electricity 
Council, C.E.G.B., Area Boards and 


-~ x Major authorities, government 
‘ departments associated with the 


* U.K. power stations, Area Board 
statistics, electricity tariffs, electrical 
associations. 


* Pull out map of C.E.G.B. regions, 


power stations and transmission lines. 


* Bound in maps of Area Boards. 


Famous for its total cover: age, detail and accuracy, it alwavs sells out fast 
so o make sure of vour copy today, USING 3 the e coupon below. 


= 
To: General Sale s 


epart 


enclose cheque/P.O. for £... 


Please send me... | .copylies of Electricity Supply Handbook 1982 ai £7.00 per copy, inch, p&p 


CEN = 
t Room 205, Quadrant Hou 


=~ 
‘he Quadrant, 


made payable to IPC Business Press Lid., 


ee Sa a A COO AMRMERGONT.. E. L e «ga Ms Clas. Sena, ee 
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ALL PRICES QUOTED EXCLUDE P/P 
AND VAT UNLESS OTHERWISE STATED 


POWER AMPS 


PRE-AMP 
MODULES 


SEND COUPON 


(NO STAMP NECESSARY) 


LL.P CATALOGUE 


AND OPEN UP 
TOA 


’ NEW WORLD OF 
QUALITY & VALUE 
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Its the chance | 
every constructor wants 


It’s something you have always wanted....something to build 
your equipment into that's smart, modern, strong, adaptable 
to requirement and not expensive. The ‘UniCase’ is yet another 
triumph of |.L.P. design policy. It presents totally professional 
appearance and finish, ensuring easier and better assembly to 
make it equal to the most expensive cased equipment. 

The all-metal ‘UniCase’ is enhanced by precision aluminium 
extruded panels engineered for speedy and perfect aligned 
assembly within a mere five minutes. Designed in the first case 
to accommodate !.L.P. power amps with P.S.U’s, the range 
will shortly be extended to house any other modular projects. 


WHAT WE DO FOR CONSTRUCTORS 


Our product range is now so vast we cannot possibly hope to show it 
all in our advertisments without overcrowding or abridging 
information to the point of uselessness. So we have devised a solution 
which we invite you to take advantage of without delay. ALL YOU NEED 
DO IS FILL IN AND FORWARD THE COUPON BELOW TO RECEIVE 
OUR NEWEST COMPREHENSIVE |.L.P. CATALOGUE POST FREE BY 
RETURN. It gives full details of all current |.L.P. products for the 
constructor together with prices, full technical and assembly details, 
wiring and circuit diagrams etc. and it’s yours, FREE. You don’t even 
have to stamp the envelope if you address it the way we tell you. 


E)E EF 


ELECTRONICS LTD. 


FREEPOST 5 
GRAHAM BELL HOUSE, ROPER CLOSE, CANTERBURY CT2 7EP 
Telephone Sates (0227) 54778 Technical Only (0227) 64723 Telex 965780 


FREEPOST — 
Mark your envelope clearly FREEPOST 5 and post it WITHOUT a stamp to 
|.L.P. at address above. We pay postage when your letter reaches us. 


To: I.L.P. ELECTRONICS LTD. 


PLEASE SEND ME1LL.P. CATALOGUE, 


POST PAID BY RETURN 
Address: 


1.L.P. are the world’s 
largest designers and 
manufacturers of hi-fi audio 
modules? 


LL.P. pioneered encapsulated 
power amps and pre-amps for 
enhanced thermal stability, 
mechanical protection and 
durability? 


There are TWENTY power 
amplifiers from 15 to 240 watts 
RMS including the very 

latest super-quality Mosfets to 
choose from? 


TWENTY pre-amp modules 
allow you to incorporate 
exciting professional 
applications to your equipment 
never before available to 
constructors and 
experimenters? 


LL.P. are suppliers to 

the B.B.C., LB.A., N.AS.A., 
British Aerospace, Marconi, 
Racal, Ferranti, G.E.C., Rois 
Royce etc? 


Goods are despatched within 7 
days of your order reaching us and 
covered by our 5 year no-quibtte 
quarantee? 


| HAVE/HAVE NOT PREVIOUSLY 
BUILT WITH }.L.P. MODULES 


LL.P. products are available also from Henry's, Marshall's, Technomatic & Watford. 


WW — 029 FOR FURTHER DETAILS 


FOR YOUR FREE Sapaipiapapies piika o 
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Copper-clad Fibre-glass Boards: 


Our new improved performance model of the Linsley Hood Cassstte Recorder incorporates our 
VFL 910 vertical front mechanism and circuit modifications to increase dynamic range. Board 
fayouts have been altered and improved but retain the outstandingly successful mother-and- 
daughter arrangement used on our Linsley-Hood Cassette Recorder 1. x 

This latest version has the following extra features: Ultra low wow-and-flutter of .09% — easily 
meets DIN Hi-Fi spec. Deck controls latch in rewind modes and do not have to be held. Full Auto- 


stop on all modes. Tape counter with memory rewind. Oil damped cassette door. Latching record’ 


button for level setting. Dual concentric input level. controls. Phone output. Microphone input 
facility if required. Record interlock prevents terecording on valued cassettes. Frequency generat- 
ing feedback servo drive motor with built-in speed control for thermal stability. All these desirable 
and useful features added to the excellent design of the Linsley-Hood circuits and the quality of 
the components used makes this new kit comparable with built-up units of much higher cost than 
the modest, £94.90 + V.A.T. we ask for the complete kit. 


LINSLEY-HOOD CASSETTE RECORDER 1 


We are the Designer Approved suppliers of kits for this excellent design. The Author's reputation 
tells al] you need to know about the circuitry and Hart expertise and experience guarantees the 
engineering design of the kit. Advanced features include: htc separate VU meters with 
excellent ballistics. Controls, switches and sockets mounted on PCB to eliminate difficult wirina. 
Proper moulded escutcheon for cassette aperture improves appearance aqd removes the need 
for the cassette transport to be set back behind a narrow finger trapping slot. kasy to use, robust 
‘Lenco mechanism. Switched bias and equalisation for different tape formulations. All wiring is 
terminated with plugs and sockets for easy assembly and test. Sophisticated modular PCB system 
gives a spacious, easily-built and tested layout. All these features added to the high-quality 
metalwork make this a most satisfying kit to build. Also included at no extra cost is our latest HS 
16 Sendus Alloy super head, available separately at £8.20 but included free with the complete kit 
at £75 plus VAT. 

Reprints of the 3 original articles describing this design 45p. No VAT, 

Reprint of the subsequent postscript article 30p. No VAT. 


PRACTICAL WIRELESS ‘WINTON’ TUNER | 


are in our lists; Send for your copy. 
Part Cost of Post, Packing and Insurance 
Order up to E10—50p 


Orders £10 to E49-£1 
Over £50~£1.50 
price breakdowns. b 
Instant easy ordering, telephone your 
‘requirements and credit card number to uŝ'on 
Oswestry (0691) 2894 


Brilliant new Ted Rule designed Tuner with everything! Gives you fantastic stereo f/m reception 
with pilot cancelling decoder i.c., fluorescent display, digital frequency readout along with clock 
and timer functions. In addition to f.m. covers |w., m.w., s.w. and even TV sound. Further details« 


Export Orders -Postage or shipping at cost plus 
pap “mr £2 Documentation and Handling 


Please send 9 x 4 S.A.E. or telephone for lists giving fuller details and 


LINSLEY-HOOD 300 SERIES AMPLIFIERS ~ 


is 3 0 
These latest designs from the drawing board of John Linsley-Hood, engineered to the very 
„highest standard, represent the very best that is available on the kit market today. The delicacy 
and transparency of the tone quality enable these amplifiers to outperform, on a side-by-side 
comparison, the bulk of amplifiers in the commercial market-place and even exceed the high 
standard set by his earlier 75-watt design. 4 

Three versions are offered, a 30-watt with Darlington output transistors, and a 35- and 45-watt. 
both with Mosfet output devices. All are of identical outside appearance which is designed to 
match and stack with our Linsley-Hood cassette recorder 2. ` A s 
As with all Kart kits the constructors interests have been looked after in a unique way by reducing 
the conventional (and boring) wiring almost to the point of extinction, a... 

Any of these kits represents a most cost-effective route to the very highest sound quality with the 
extra bonus of the enjoyment of building a sophisticated piece of equipment. — x 
30-watt Darlington amplifier, fully integrated with tone controls and magnetic pick-up facility. 
Total cost of all parts is £81.12. Special offer price for complete kits £72. i 

35-watt Mosfet amplifier. Total cost of parts £98.41. Special offer for complete kits, £87.40. 

45-watt Mosfet amplifier. Total cost of parts £104.95. Special offer price for complete kits £94.80. 


IReprints of original Articles from Hi-Fi News 50p. Post free. No VAT. 
Reprints of MOSFET article 25p. No V.A.T. Post free. 


FEED YOUR MICRO BYTES WITH OUR 
SOLENOID CONTROLLED CASSETTE DECK 


NM gt 


Front loading deck with full solenoid contro! of all functions including optional read in fast wind 
modes. 12 volt operation, Fitted 3-digit memory counter and Hall IC Motion Sensor. Standard 
erase and stereo A/P Heads. Cheapest price ever for all these features. Only £38.90 plus VAT. Full 
technical specification included. } 


HART TRIPLE-PURPOSE TEST CASSETTE TC1 


One inexpensive test cassette enables yee to set up VU level, head azimuth and tape speed. 
Invaluable when fitting new heads. Only £2.70 plus V.A.T, and 50p postage. 


CASSETTE HEADS 


HS16 SENDUST ALLOY SUPER HEAD. Stereo R/P. Longer life than Permaltoy. 
Ferrite. Fantastic frequency response. Complete with data 
HC20 Stereo Permalloy R/P head for replacement uses in 
HM90 Stereo R/P head for METAL tape. Complete with data 
H561 Special Erase Head for METAL tape 
H524 Standard Ferrite Erase Head. 
4-Track R/P Head. Standard Moun 
R484 2/2 (Double Mono) R/P Head. Std. 
ME151 2/2 Ferrite Erase. Large Mt 
CCE/8M 2/2 Erase. Std. Mtg... 


Ail prices plus VAT 


INSTANT PRINTED CIRCUITS!! 


Make your own = to professional standards — within minutes using 
either “Fotolak” Light-sensitive Aerosol Lacquer or Pre-coated board. 
No Darkroom or Ultra-violet source needed! 


Fotolak aerosol.........cc0 £2.50 (30p) Developer ......sesssesseereereee £0.30 (15p 
Ferric Chloride...............£0.60 (45p) Acetate Sheet .........0.1 £0.15 (15p 


.£2 ft. sq. (45p) 


Single-sided .. 
£2.25 ft. sq. (60p) 


‘Double-sided 


Pre-coated Fibre-glass Board: 


BI'x4 2 77..£1.75 (25p) 167x9”.. 
8'’x9"".......£3,50 (45p) 24x12". 


souk? (60p) — 24’’x 18"... £18 (£1.70) 
£13 (£1.20) Eurocard £1.25 (25p) 


Double-sided Board (all sizes) add 20% 
Postage individual items in brackets. Maximum charge £2 per order. . 


WHITE HOUSE ELECTRONICS _ 
P.O. Box 19, Praa Sands, Penzance TR20 9TF 
Telephone: Germoe (073-676) 2329 


TV TUBE REBUILDING © 


Faircrest Engineering Ltd. manufacture a comprehensive 
range of equipment for processing all types of picture tubes, 
‘colour and mono. Standard or custom-built units for estab- 
dished or new businesses. We export world-wide and have an 
excellent spares service backed by a strong technical team. 


Full training courses are individually tailored to customers’ 
requirements. 


For full details of our service contact Neil Jupp. 


4 Union Road, Croydon, CRO 2XX 
01-684 1422/01-684 0246 
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BF257 
BF258 
BF259 
BF336 
'BF337 
BF338 
BFS21 
BFS28 
BFS61 
BFS98 
BFW10 
BFW11 
BFX84 
BFX85 
BFX87 
BFX88 
BFY50 
BFY51 
BFY52 
BF Y64 
BFY90 
BSX19 
BSX20 
BSX21 
BT106 
BTY79/400! 


BU205 
BU206 
BU208 
BY100 
BY126 
BY127 
BZX61 
Series 
BZY88 
Series 
CRS1/40 
CRS3/40 
CRS3/60 
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“SEMICONDUCTORS an 
- AA119 0.12 | ASZ15 1.38 | BC172 0.13 
. ASZl6 1.27 | BC173 0.13 
s ASZ17 1.15 | BCI77 0.32 
. ASZ20 2.64 | BC178 0.16 
. ASZ21 2.88 | BC179 0.32 
. AU113 2.88 | BCI82 0.13 
. AUYIO 3.45 | BC183 0.13 
. AU1l10 2.88 | BC184 0.13 
0.29 | BA145 0.15 | BC212 0.13 
0.29 | BA148 017 | BC213 0.13 
0.35 | BAIS4 0.12 | BC214 0.13 
0.32 | BAISS 0.13 | BC237 0.13 
0.40 | BAIS6 0.12 | BC238 0.13 
0.32 | BAW62 0.06: | 'BC301 0.38 
0 BAX13 0.07 | BC303 0.39 
0.35 | BAX16 0.07 | BC307 0.13: 
0.32 | BC107 0.18 | BC308 0.13 
0.32 | BC108 0.18 | BC327 0.14 
1.50 | 8C109 0.18 | BC328 0.14 
1.32, | BC113 0.17 | BC337 0.14 
1.27 | BC114 0.17 | BC338 0.14 
1.27 | BC115 0.21 | BCY30 14 
1.32 | BC1l6 0.22 | BCY31 1.73 
2.88 | BCII7 0.26 | BCY32 173 
0.86 | BC118 0.21 | BCY33 1.27 
0.40 | BC125 0.21 | BCY34 1.15 BF179 
0.40 | BC126 0.28 | BCY39 3.91 BF180 
0.40 | BC135 0.17 | BCY40 3.22 | BFI81 
0.86 | BC136 0.22 | BCY42 0.35 | BF182 
0.86 | BC137 0.22 | BCY43 0.35 BF183 
0.86 | BC147 0.14 | BCYS8 0.22 | BF184 
0.86 | BC148 0.14 | BCY70 0.20 BF185 
0.38 | BC149 0.15 | BCY71 0.21 BF194 
1.15 | BC157 0.15°} BCY72 0.20 | BF195 
0.45 | BCIS8 0.15°} BCZ11 2.01 | BF196 
4.60 | BCIS9 0.15 | BD115 0.48 | BF197 
4.60 | BC167 0.13 | BD121 1.96 BF200 
1.61 | BC170 0.13 | BD123 3.22 BF224 
1.04. | BC171 .12- Í 
S | EBL 397 p 
EI80CC 11. é 
E180F í i 
E182CC 13. i 
E186F 5 EF93 1.15 | GXUSO 
E188CC 9. EF94 1.24 | -GY501 
E280F i EF95 6.27 | GZ32 
E283CC 9. EF98 1.44 | GZ33 
E288CC 18. EFI83 0.92 | GZ34 
ii EF184 0.9% | GZ37 
i EF804S 12.65. | KT61 
f EF805S 12.65 | KT66 
i EH90 1.61 | KT88 
1.44. | EK90 1.24; | KTW6) 
2.02 | EL32 1.73: | KTW62 
2.30 | EL33 4.02 KTW63 
1.01 | EL34TH 2.53" | M8079 
2.02 | EL34MUI 3.16: } M8080 
1.44 EL36 1.84 M8081 
1.26 | ELAI 1.44 M8082 
0.97 | EL42 2.02, | M8083 
0.58 | EL8) 4.03 | M8091 
1.44 | EL83 4.03 | M8096 
0.97 | EL84 1.15, | M8097 
2.88 | EL86 2.88: | M8998 
1.28 | ET.90 1.10 | M8099 
9.43 | ELƏ] 8.21 M8120 
ol) SL95 1.51 j Ms136 
349.26 | ELIS6 27.60 | M8137 
Ae EL360 9.77 MEMO 
- ELS500/504 2.16 8141 
2.30 3.631 | M8142 
1.01 11.96 M8144 
0.82 12.55 M8149 
1.01 $% M8161 
1.36 ‘26 | M8162 
1.38 115 M8163 
2.30 1.73 M8190 
2.07 1.4 
1.88 1.73 
10.27 13.66 
1.90, 2.94 
2.02 5.23 
2.59 2.02 
1.24 1.89 
1.38 2.02 
1.73 10.57 
2.30 0.96 
1.32 2.02. 
1.38 2.23 
1.44 94 
1.477 97 
1.15. 44 
1.73 44 
1.15 96: 
1.73 96- 
1.61 É 
1.28 
138 
4.02 
3.16 
3.45 
2.30 
2.30 
1 


B7G unskirted 0.25 
B7G skirted 0.35 
.B9A unskirted 0.25 
B9A skirted 0.35 
„Int Octal 0.40 
Loctal 0.63- 
Nuvistor base 0:86 
8 pin DIL 0.17 


14 pin DIL 0.17 
16 pin DIL 0.20 
Valve screening 

cans all sizes 0.35 
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Price ruting at time of despatch. 


In some cases prices of Mullard and USA vaives will higher than those advertised. Prices correct when going to press. 
Account facilities available to approved companies with minimum order charge £10. Carriage and packing £1 on credit orders. 


VCRI38A 
VCR 139A 
VČR517A 
VCR517B 
VČR517C 


Tube Bases 
Prices on 
‘application 


QY3-125 62.40 
QY4-250 77.05 


0.21 

0.44 
7427 0.35 7472 0.38 
7428 050 | 7473 6.44 
7430 0:20 | 7474 0.44 
7432 0.35 | 7475 0.62 
7433 0.46 7476 0.48 
7437 0.37 7480 0.64 
7438 0.37 7482 0.86 
7440 0.37 7483 1.15 
7441 1.04 | 7484 i.21 
7442 0.83 | 7486 0.45 
7447AN 1.35 | 7490 0.69 
7450 0.21 *7491 0.94 
7451 0.21 | 7492 0.69 
7453 0.21 7493 0.69 

7422 7454 0.21 | 7494 0:94» | 74132 
ae 
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R20 1.66 
RG3-250 35.77 
RG3-250A 37.49 
RG3-1250 63.94 
RG4-1250 43.13 
RG4-3000 90.36 
RR3-250 53.54 


TDO03-29F 33.93, 
TTIS 34.50“ 


TW4-400 74.07 
TY4-500 105.97 
TY5-500 187.45 
TY6-800 193.20 
TY6-5000A 


356.50 
TY6-S000B 

264.50 
TY6-5000W 
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OAZ207 
OCI16 
oc20 
OC22 


I 
7i 
2 
4 
E] 
1 
1 
2 
2 
1 
1 
1 
1 
1 
0. 
0. 
0. 
1 
1 
0. 
0. 
1 
1 
0. 
1 
1 


2 
0. 
0. 
3 
2 
3 
4. 
4. 
1 
1 
1 
2 
3 
3. 
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1 
1, 
1. 
1. 
VLS631 15.24 
XG1-2500 58.02 
XG2-6400 
113.50 


XGS5-500 28.23 


XG2-6400 


3B240M_ 17.25 
3B241M_ 17.25 
3C23 26,83 
3C45 28.18 
3CX100AS 
23.00 
3E29 29.67 
384 1.26 
3V4 1.38 
465A 29.15 
4-125A 41.99 
4250A 41.99 
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LANGREX SUPPLIES LTD | 
Climax House, Fallsbrook Rd., Streatham, London SW16 6ED 
Tel: 01-677 2424 Telex: 946708 


G 


1N914 
1N916 
1N400! 
1N4002 
1N4003 


ZTX504 
ZTX531 
ZTX550 


2N1671 


5C22 74.75 
SJ180E 1380.00 
GY 03 
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Terms of business: CWO. Postage and packing valves and semiconductors 58p per order. CRTs £1.73. All prices include VAT. 


{ Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. 
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Open to callers Monday-Friday 9 a.m.-5 p.m. 


0.24 } 
0.28, . 
0.29 "l 
0.06 ` 
0.10 . 
0.07 . 
0.07 . 
0.07 . 
1N4004 0.08 . 0.23 
38 1N4005 0.10 . 0.18, 
18 1N4006 0.13 . 0.18 
49% | 1N4007 0.14 -29 0.18 
52 1N4009 0.08 .29 0.18 . 
38 1N4148 0.05 .58 0.18 
4l 1N5400 0.15 .37 0.17 
62 | INS5401 0.15 .37 0.21, 
77 1544 0.05 24 0.21 
51 18920 0.09 .24 0.37 
48 15921 0.10 30 0.37 
81 26301 1.15 .25 0.37 
64 2G302 1.15 17 11.50 
49 2G306 1.15 30: 13.80 
29 | 2N404 1.50 63 28.75 
24 | 2N6% 0.37 75, 1.73 
62 2N697 0.37 81 2.30 
26 | 2N698 037 98 4.03 
65 2N705 1.44 44 4.03 
14 2N706 0.29 53 4.03 
14 | 2N708 0.29 .13 2.30 
14 | 2N930 © 029 13 1.09 
15 | 2N1131 0.35 .13 1,09 
16 2N1132 0.35 -13 
21 | 2N1302 1.38 .13 
21 2N1303 0.92 .13 
23 | 2N1304 1.38 .12 
15 | 2N1305 115 .13 
29 2N1306 1.73 .12 
6 2N1307 1.27 12 
6 2N1308 2.01 61 
2N1309 38 1.84 
2N1613 37 2N3773 2.07: 
8.83 12BE6 2,79 
ja iW ni 
. 3.11 5687 3 
4.69 12£1 19.67 5696 fee 
3.38 12E11TT 19.26, 5718 7.87 
24 | 12E14 34.50 | 5725 5.62 
17 13E] 123.05 5726 3.62 
02 19H4 28.75 5727 6.47 
1.84 | 19H5 40.25 | 5749 5.14 
133 | 7489 55.20 | 5751 4.80 
4.50 | 30C15 1.84 | 5763 4.66 
-38 | 30C17 1.84 | S814A 428, 
-21 | 3018 1.84 | 5840 5.06 
21 | 30F5 1.93 5842 13.90 
-273 | 30FLV2 1.28 | 5876A 19.55 
-10 | 30FL12 2.07 5879 5.38 
-21 | 30FL14 1.84 | 5886 12.08. 
-88 | 30L1 1.15 5963 3.38 
44 | 30LIS 2.07 | 5965 4.00 
50 | 30L17 2.07 6005 5.62 
73 | 30P4 1.06 6021 5.13 
02 | 30P19 1.38 6057 4.02 ` 
‘31 j 30PLI 288 6058 12.47 
38 | 30PLI4 193 6059 4.60 
‘3 | 30PLIS 207 | “6061 4.89 
24 | 35W4 0.69 6062 4.31 | 
:88 | 50C5 0.81 6063 4.20 
-30 | 7581 5.38 6064 8.54 
ai 75C1 2.70 6067 4.02 
eA 85A1 8.63 6072 5,80 
' 85A2 2.75 6080 7.88 
-14 | AG 14.90 6097AxBxC 
23 | 90AV 14.90 166.75 
07 | 90CL 3.35 6146A 12.24 
-67 | CG — 16.72 6146B 9.34 
73 17.50 6159B 19.91 
‘84 | 92AG 14.90 6189 10.03 
73 | 92AV 14.90 6201 10.92 
4 | 9OSAL 7.48 6442 17.25 
-50 | 15082 3.47 6883B 14.64 
ia 150B3 6.39 6973 . «4.38 
g 150C2 2.21 7025 2,73, 
5 | 150C4 2.75 7551 6.45 
igo a 21.85 7586 11.66 
3 |73AB 40.25 7587 20.11 
3 803 11.50 7609 36.57 
92 | 805 23.00 7868 5.04 
-38 | 807 431 7895 13.25 
4 | 81A 2108 8005 86.40 
38") 812A 21.08 |, 8068 6.33 
97 813 91.15 8122 60.11 
96 | 833A 153.57 | 8136 2.48 
40 866A 17.56 8417 6.76 
60 | 872A 24.69 18042 8.63 
-30 | 922 5.01 18045 12.06 
173 931A 18.15 
59 | 1624 2.59 Tested 
-4 | 1625 1.96 Ex-Equipment 
“13 | 2050 8.00 | 4CX2S0B 5.75, 
82 | 4212E 304.75 ; 
-38 | 4212H 304.75 
-01 |. 5544 62.10 
U 1 $545 67.85 
-83 | 5551A 123.51 
:55 | 5552A 166.98 
00 | 5553A 259.10 
-01 | 5642 6.45 
t 5654 3.93 
32 5651 4.66 
59 ¢ | 74175 1.17 TBA480Q 2.12 
: 02 | 74176 1.33 TBAS20Q 2.65 
-64 74178 1.56 TBA530 2.28 
99 74179 1.56 TBAS40Q 2.65 
99 | 74180 1.38 TBASSOQ 3.70 
1S | 74190 2.19 TBA560CQ 
30 74191 2.19 
02 74192 2.19 TBA673 F 
07 74193 2.19 TBA700 1.75 
208 | 74194 1.44 TBA720Q 2.65 
07 | 74195 1.38 TBA750Q 2.38 
04 74196 1.55 TBA800 1.38 
04 74197 | 1.55 TBA920 3,34) 
86 74193 3.11 TBA920Q 3.34 
53 | 74199 2.64 TBA990Q 3.34 
76 76013N 2.02 TCA270Q 3.34 
06 | TAAS70 265 TCA760A 1.59 
63 | TAA630S 4.02 
84 | TAA700 4.50 
Telephone 01-677 2424/7 
Telex 946708 
E. & O.E. 


103 


| | enclose Cheque|_ | 


The toroidal transformer is now accepted as 
the standard in industry, overtaking the 
obsolete laminated type. Industry has been 
quick to recognise the advantages toroidals 
offer in size, weight, lower radiated field and, 
thanks to I.L.P., PRICE. ` 


Our large standard range is complemented by our SPECIAL 
DESIGN section which can offer a prototype service within __ 

7 DAYS together with a short lead time on quantity orders which 
can be programmed to your requirements with no price penalty. 


Wk 294 TYPES TO CHOOSE FROM! 


te ORDERS DESPATCHED WITHIN 7 
DAYS OF RECEIPT FOR SINGLE OR 
SMALL QUANTITY ORDERS 


W 5 YEAR NO QUIBBLE GUARANTEE 


+p/p £1.04 


18+18 | 0.83 | — svargooe 
tx015] 22422 |. Al TOTAL £7 08 


a SERIES|SECONDARY| RMS 
TYRE No. Volts |Current} 
£570 225vA |6x012| 12412 } 9.38 
a 


110x45mm]| 6x013 | 15+15 7.50 
2.2Kg |6x014| 18+18 

+o/p £1.50 

+VAT S105 


25 
Regulation | 6x015| 22+22 5.15 
7% 6x016) 25+25 50 £9.20 


TOTAL £8 05 6x01B) 35+35 


PRICE 


£6.08 ||... |**|# 

PELE ET, 110x50mm| 7x014 | 18+18 

AVAT CI 16 2.6K |7x015| 22422 

TOTAL £8 91 ~ | Regulation | 7x016] 25+25 
6% 7 


3 


£10.17 


+p/p £200 
+VAT C1 83 
TOTAL £14 00 


NOLNNOODwH 
Sanssaessre 


| 7x033| 50+50 


£6.90 


+ p/p 8) 67 
VATED 29 
TOTAL £9 66 


500A |8016] 25425 | 1 
140x 60mm | 8x017 | 30-+30 


Reguiaton | e028 | 20240 £13.53 
He on S +p/p 82 35 
+VAT £2 38 


TOTAL £18 26 


Dmna wwe 


Buoyosn 
BIZIER 
Saares 
—i- 


£7.91 


+p/p tt 67 
+VAT ET 44 
TOTAL £61 02 


Ben gz Jea 
5kg” 3028 woraa | 781 £16.13 
Regrann 9x025 | 45445 : +prpt2 50 
68 + VAT £2 79 
8 
4 


6 
9x033] 50+50 6.2 
9x042 | 55+55 5.6 
9x028 110 5.6 TOTAL £23 42 
9x029 220 2.8. 
l 9x030| 240 | 2.60 


IMPORTANT: Regulation — All voltages quoted are FULL LOAD. Please add regulation figure to 
secondary voltage to obtain off toad voltage. = 
The benefits of ILP toroidal transformers s ; 

i ILP toroidal transformers are only half the weight and height of their laminated 
equivalents, and are available with 110V, 220V or 240V primaries coded as follows: 
For 110V primary insert “0” in place of “X” in type number. 
For 220V primary (Europe) insert “1" in place of “X” in type number. 
For 240V primary (UK) insert "2" in place of "X” in type number. 
How to order Freepost: mi 

Use this coupon, or a separate sheet of paper, to order these products, or any 

products from other ILP Electronics advertisements. No stamp is needed if you address to 
Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd. 
Access and Barclaycard welcome. All UK orders sent within 7 days of receipt of order for 
single and small quantity orders. 
Also available at Electrovalue, Maplin and Techriomatic. 
Sa ee ees OR ee 


BRSSRPRAeeoe 
ReSSSSSSn8B 


Please send 


Total purchase price 


Postal Orders{_] Int. Money Order[_] 


Debit my Access/Barclaycard No. 


Name 


Address 


Signature 


Post to: ILP Electronics Ltd, Freepost.5 . Graham Bell House, Roper Close, 
Canterbury CT2 7EP, Kent, England. 
. Telephone Sales (0227) 54778: Technical (0227) 64723: Telex 965780. 
| (a division of 
ILP Electronics Ltd) 
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Happy Memories 


Part type 1 off 25-99 100up 
4116 200ns 95 85 703 
4116 250ns .90 80 .60 
4816 100ns For BBC comp 3.30 2.95 2.70 
4164 200ns 6.15 5.25 4.65 
2114 200ns Low power 1.25 1.15 -99 
2114 450ns Low power 1.20 1.10 .90 
4118 250ns 3.45 - 3.15. 2.65 
6116 150ns CMOS 4.95 4.45 3.65 
2708 450ns : 1.95 1.90 1.80 
2716 450ns 5 volt 2.25 2.15 1.95 
2716 450ns three rail 6.40 6.00 4.95 
2732 450ns Intel type 4.25 3.95 3.35 
2532 450ns Texas type 4.25 3.95 3.35 


Z80A-CPU £4.75 Z80A-P10 £4.25 Z80A-CTC £4.25 


Low profile IC sockets: Pins 8 14 16 18 20 22 24 28 40 
Pence9 10 11 14 15 18 19 25 33 


Soft-sectored floppy discs per 10 in plastic library case: 
5inch SSSD £17.00 5inch SSDD £19.25 5inch DSDD £21.00 
8inch SSSD £19.25 8inch SSDD £23.65 8inch DSDD £25.50 


74LS series TTL, large stocks at low prices with DIY discounts 
starting at a mix of just 25 pieces. Write or telephone for list. 


Please add 30p post & packing to orders under £15 and VAT to 
total. Access & Barclaycard welcome. 24hr. service on (054 422) 
618. Government & Educational orders welcome, £15 
minimum. Trade accounts operated 
Telephone or write for details: 


HAPPY MEMORIES (WW) 
Gladestry, Kington 
Herefordshire HR5 3NY 
Tel: (054 422) 618 or 628 


FOR DEVELOPMENT LA 
RASERS TH D aids 


Powerful; compact 
unit to clean up to six 
EPROMS quickly 
and safely (illus- 
trated) 

£46.95 + VAT 


UVIT 


with accurate 


electronic timer 
£59.13 + VAT 
ie GSE INEREN CARRIAGE PAID (U.K.) 
LABS & EDUCATIONAL Also available in London from: 
ESTABLISHMENTS pechopat Ld 
AROUND THE WORLD l Abi ea 
NORTHERN ELECTRONICS 


51 Arundel Street, Mossley, Lancashire Tel: Mossley (04575) 4119 
WW055 — FOR FURTHER DETAILS 


METALFILM RESISTORS 
1% Tolerance, 4 Watt 


'ONLY 3 EACH _ 910R 9k1 . 3k 1M 
p Special Offer: 5 PCS of FACH (445 RESIS- 
Minimum order £10 TORS) ONLY £11.50. 

Minimum 5 pcs per value High Quality High Stability. Huge 

89 Values (E24) Strength. 
VAT inclusive. Add £1.00 p&p all areas. 


ORION SCIENTIFIC PRODUCTS LTD. 
4 Golden Square, London, W.1 
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thandar’s . 


LCD HAND HELD 
MULTIMETERS 


TM354 3% Digit 


7 ~ @ DC Volts : 1mV to 1000V @ AC Volts : 1V to 
500V AC rms @ DC current: 14A to 2A @ 
Resistance ; 12 to 2M9 @ Diode Check @ Basic 
accuracy : + (0.75% of reading + 1 digit) @ Battery 
life : Typically 2000 hours @ £39.95 + VAT 


TM 352 3% Digit 


@ DC Volts : 100uV to 1000V @ AC Volts : 1V to 1000V @ DC current : 100nA to 10A @ Resistance ; 19 to 
2M9 @ Diode check @ hFE measurement @ Audible continuity check @ Basic accuracy : + (0.5% of reading + 
1 digit) @ Battery life : 150+ hours @ £49.95 + VAT 


LCD BENCH MULTIMETERS 


TM351 3% Digit 


@ DC and AC Volts : 100uV to 1000V (750V AC 
rms) @ DC and AC current : 100nA to 10A (20A for 
10 secs) @ Resistance : 100m2 to 20M9 @ Diode 
check @ Basic accuracy : + (0.1% of reading + 1 
digit) @ Battery life : up to 4000 hours @ £99 + 

VAT (inc. batts). 


TM353 3% Digit 


@ DC and AC Volts : 100uV to 1000V (750V AC 
rms) @ DC and AC current : 100nA to 2A @ 
Resistance : 12 to 20MM @ Diode check @ Basic 

accuracy : + (0.25% of reading + 1 digit) ® Battery 

ie eae >3000 hours @ £75 + VAT (inc. 
atts), 


PULSE & 
FUNCTION 
GENERATORS 


TG 100 100kHz 
TG 102 2MHz 


Function Generators 

@ Functions : Sine, Square, Triangle 
and DC from variable 6002 (TG100) 
or 502 (TG102) output @ Output 
range : 1mV-10V peak-peak @ DC 
offset range : +5V @ TTL output @ 
External sweep : = 1000: 1 linear 
range @ £79 + VAT @ £145 + VAT 


TG105 5MHz Pulse Generator 


@ Period : 200nsec to 200ms (5MHz to 5Hz) @ 
Pulse width : 100nsec to 100ms @ 502 output 
range : 0.1V-10V @ TTL output @ Sync. output @ 
Operating modes: run, external trigger, external _ 
gate, manual 1-shot or gate @ Complement and 
square wave @ £85 + VAT 


LED MULTIMETERS 


DM235 3% Digit DM350 3% Digit 


21 ranges; 0.5% basic accuracy; 34 ranges; 0.1% basic accuracy; 
£52.50 + VAT £72.50 + VAT 


$C110 Single Trace Low 
Power 2” Oscilloscope 


This truly portable oscilloscope, the only 
British product to win a Gold Medal at 
the 1980 Brno Trade Fair, boasts the 
following specification: @ Bandwith DC 
to 1OMHz @ Sensivity : 10mV/div to 
50V/div @ Sweep Speeds : 

0.1 usecs/div to 0.5 secs/div @ Power 
Requirements : 4 to 10V DC from 4 ‘C’ 
cells or AC adaptor @ Size and weight: 
255 x 150 x 40mm; 800gms excl. 
batteries @ £139 + VAT 


FREQUENCY 
METERS 


TFO40 8-Digit LCD 
@ Frequency Range : 10Hz-40MHz (to Z 
400MHz with TP600) @ Sensitivity : 40mV @ 
Timebase accuracy : better than 0.5 ppm @ 
Battery life ; Typically 80 hours @ £110 + VAT 
(inc. batts). 


WINNER 


PFM200A 8-Digit 
LED Hand Held Meter 


@ Frequency Range : 20Hz- 

200MHz (to 600MHz with 

TP600) @ Sensivity : Typically 
10mV @ Timebase accuracy : 

better than 2 ppm @ Battery life : 

Typically 10 hours @ £58.69 + 
A 


TF200 8-Digit LCD 


@ Frequency Range : 10Hz-200MHz (to 
600MHz with TP600) @ Sensitivity : 
10mV rms 20Hz-100MHz, 30mV rms 
10Hz-20Hz, 100MHz-200MHz @ 
Timebase accuracy : better than 0.3 ppm 
@ Battery life : Typically 200 hours @ 
£145 + VAT (inc. batts). 


ELECTRONIC LIMITED 
ELECTRONIC TEST & MEASUREMENT 


LONDON ROAD, ST. IVES, 
HUNTINGDON, CAMBS. PE17 4HJ 
Tel: St. Ives (0480) 64646 Telex 32250 


TP600 6OOMHz Prescaler 
@ Frequency Range : 40MHz to 600MHz @ Sensitivity : 10mV @ Output : Typically 
500mV peak-peak @ £37.50 + VAT 


Thandar Electronics Ltd. reserve the right to alter prices and specifications on their equipment without prior notice. ALL THANDAR PRODUCTS CARRY A FULL 1 YEAR WARRANTY | 
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= O O TRANSFORMERS 
INDUSTRIAL AUTOMATIC 24 VOLT T Pri tared 220 240V sec 240V 500 watts. 
a20 AMP BATTERY CHARGERS | Open frame type, top panel connections. 
t input z. outpu i {i rfect condition, 
20A" Búiitin staal casa aiza 16x 42 x Peeguipment Butin 'pa 


i i £15, carr £3, V.A.T. £2.70. 
„Ci lete with battery leads ¢ 
Be VATE i | BERCO VARIABLE TRANSFORMERS. 


HEAVY DUTY ISOLATION 
TRANSFORMERS 
240-240V ox-computer squipment 
Large selection avaliable 10-15 amps. 
Fraction of maker price, Telephone for 


331 


CRICKLEWOOD ELECTRONICS LTD. 


40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET. Tel: 01-452 0161 
y years. Our shop has 


policy of 
proach is 


4915 295 
4916 48 
4917 47 
4918 95 
4919 128 
a 
109 
4922 129 
4923 134 
‘4924 92 
4926 95 
4927 95 
4928 159 
4964 27 
4965 25 
4966 25 
4967 25 
4968 25 
4969 31 
5010 850 
5011 937 
5030 44 
5033 48 
5035 160 
5036 195 
5039 390 
5086 36 
5087 39 
sos8 37 
5089 37 
5126 48 
5127 38 
5123 38 
5129 30 
5130 37 
5131 22 
5133 22 
5135 38 
5136 38 
5137 23 
5138 30 
5139 48 
5140 25 
5141 25 
5143 25 
5172 15 
5175 $8 
5179 48 
5180 43 
5183 100 
5184 110 
5188 115 
5189 100 
5190 68 
5191 70 
5193 90 
5194 134 
5209 24 
5210 25 
5219 25 
5220 15 
5221 25 
5222 28 
5223 15 
5224 38 
5225 25 
5226 25 
5227 25 
5232 30 
5232A 32 
5245 37 
5246 40 
5247 45 
5248 46 
5249 48 
5266 288 
5293 98 
5294 128 
5295 137 
5296 1 
5298 137 
5302 320 
5303 
5305 
5306 
5307 
5308 
5354 
5358 
5366 
5367 
5401 
5415 
5416 


£65 + V.A.T. Callers only. A ts f n 
~ further details, Se a Type 42A pane! mounting, input 240V, Many of you have been our customers for ma y 
. T R input 240, AC, Output 12v DC 2 Amps. output 0-270V 2A Near) been in CRICKLEWOOD for over a decade under a different name, which 
9 & 10 CHAPEL STREET, LONDON, NW1 TRANSFORMERS With mains lead, red and biack battery Rane ae a. we will nat pentan out of fester: eae is thg shop with 
i 50V 15 Amps. Twice leads jwithjattachedsclips. Completely widest range of components, because our 
)1-723 7851 01-262 5125 ; Bae 100V CT or 50V 0A, Open fused. Housed, in wall mounting, steel DC WKG BLOCK CAPACITORS a Rrobably, tl pa de oR AUr RE CRICKLEWOOD'S an 
ADJACENT TO EDGWARE ROAD MET. LINE STATION frame type. Terminal block primary. case size 6 x 494 x din. £4.50. P&P £1.50 BMFD 1000V DC WKG £3. PAP EI VAT, | Stocking ; 7 $ ] 
| LEASE ADD 15% TO ALL ORDERS INC. CARR. Spe haayy wire loadsa hreme) se plus VAT TOANE G90: 60p:/8/MFD 350V DE WKGIEI 2a FET ||. different because we listen and learn from our customers. If you don't see 
j CURRENT RANGE OF NEW LT. TRANSFORMERS ee a nno HEAVYIDU TY. ET ERANSFORMERS BY Pub Gop. VAT. 22p. 4 MFD 500V DC | what you want discuss it with us — we may be able to help. All in-stock 
OPEN TYPE TAG CONNECTIONS ee ANS ienr #32, cart, EB s FAMOUS IPAKERS N Ora WKG £1, P&P 50p, V.A.T. 22p. 2 MFD items despatched to you same day. Quantity discounts given. Govt. 
; AP A EO AON i Carr V.A.T. £5.55. type top panel connestions £20, carr £4, BOOVAWKGIEORAP BEI Zon VA T 2p i Depts., Schools, Exports catered for. Please enquire. 
oes 24 30.40-48-60v i2 PS esso £2.00 — z AEAN Ue EMAN ea aa VAT. ‘et MED OV DE WKG 5 for i SUPERIORQUALITYCARBON 3.3 40 11 400V 2219 27 
? E tuty % Br £75 HEA RANSFORMERS connections £10, PAP £2, VAT £180. £1.50, P&P 50p, VAT. 30p. 0.28 MED FILMRESISTORS,HISTAB 33 63 12 Polyester 2219A 28 
4 a EAN 5 £16.75 £175 Pri 110-220-240V Secs 14V, 3V, Pri 220-240V secs 40V 8A. 38V 4A. 20V 00V DC WKG B Tor ET aA REA LOW NOISE 47 16 8 Capactore 2220 Z 
$ 24-30-40-48-60v 3 £11.50 £1.25 112V, 1V. Separate windings. All at 4A, 30V 2.6A. 26V 2.6A 28V 2.5A. 51V 200 A ee. od Meer tap. 2 MFD 100V W1ON-IMOS%E2 2 4&7 25 9 INF. TSF, 2221 22 
am 2 oe a Cede ales ore MASA IAV 28K. 12V 10A 8V 10A. 24V | DC WKG ten for £1.50, P&P 75p. VAT f WOR IOMOS%SEI2 8 47 63 12 33n, Amme 2222. 25 
R 19 2V can be obtained. , carr £4, 9 ph l: . Tubular metallised paper caps x t 4 6: 2222A 31 
CAN BE OST MINED FROM THE ABOVE RANGE V.A.T. £4.35. Vermsenaaie) windings: £10, cart’ £3, | i MED 380V DC WKG with clip £3, P&P en ea io 2 ‘8 fone, 15nE 2203, 260 
= 3 —— PNE 50p, V.A.T. 52p. RI 10 40 12 22nF 20 2223A 
ba ESISTORS 
-25-33-40- 10 £2750 £2.00 IMPORTANT NEWSI} aa Very high thecnal’& electrical. 10°63 14. 33nF, 47nF, 415 
a 19.35.39.40.80V 6 £19.50 £1.75 We would like to announce the opening of our new branch at 21-23 BELL ST., NW1. It LOW CURRENT LT ory hig! stability in 10 100 16 68nF 22 2303 110 
9 19-25-33-40-50V 3 £9.25 £1.25 will, of course, stock our fantastic range of products that have a eua MoUs ovante TRANSFORMERS ; Erena ow nolos 22 25 11: 100nF, 2368 30 
10 19-25-33-40-50V 2 £7.75 £1.25 past 25 years, PLUS!! many new ranges, i.e. computer and electronic components, tes Open frame clamped type, split 0.4W 100-1MQ 2% E24 5 22 40 14 150nF 25 2369 19 
5 equipment, panel meters, multimeters, semiconductors, ICs and a large selection of bobbin, All primaries 240V No. 1 AW 10G IMN 1% E24 a 22 63 16 220nF 38 i2369A 20 
5-7-8-10-13-15-17-20-25-30-40-50V equine Panah geo tapped °12-15-20-24-30V 750 OAN 10G-1MO 1% £24 -8 GHC ALOE 22 100 21 330nF 58 2405 88 
OR 25-0-25V OR 20-0-20V CAN BE WHY NOT PAY US A VISIT — IT COULD SAVE YOU POUNDS!! A RS uar ae So TA Gnd CORMICVA 47 25 14 470nF 68 2410 115 
- OBTAINED FROM THE ABOVE RANGE —e Hee sod LIGALEOIGBANGAGTISDMEV, Agta a D gaat 8 
v T £1050 £1.75 SPECIAL OFFER, HIGH POWER AMPLIFIER f MONITORS. KE 600 M/A and 6.3V 200 M/A. No. 4 SAET 11 47 63 26 wre 2412 %0 
1 12-15-20-25-30 : £1150 TRANSFORMERS 12 inch monochrome chassis, suit- sec 12-0-12V 750 M/A and 6.3V 200 SRREWIOUNE 47 100 28 | Cable | 
12 12-15-20-25-30V 5 £10.50 : Pri tapped 120-240V sec tapped 34-29-0-29- able for use with home computers. M/A f4. No. 5 sec 13V V2A £1.50. 68 25 18 Prices per |2483 25 
13 12-15-20-25-30V 2 £523 E 34V 6'amps and 46V 1A. Open frame type. Tag | ff Video input. Overall size of chassis No. 6 sec BV 12A 6.3V 600 M/A, 6.3V 2aw osha aS 5I = 2g 68. -63 25 metra. Solid ‘2484 28 
3-4-5-6-8-9-10-12-15-18-20-24-30V connection. Size 5 x 412 x 4 ins. £9 inc, 16 x 14 x 14 ins, £45, V.A.T, £6.75. 300 M/A, 50V 40 M/A £2.50. No. 7 cen eae 28 ioo 16 14 Hook-up 2491 B00 
.OR 12-0-12V OR 15-0-15V CAN BE postage and V.A.T. CEE La C sec 17y 2A (DGNET TE Noa Sse 10-11W 1.00-33KQ E12 37 100 z5 is Wire, Apy peas 2 
OBTAINED FROM THE ABOVE RANGE Peon TT CRORES! p SPECIAL OFFER OF ERIE TERT RAX ZETISINO £4.50. No. E EE aa 100 40122 zma 12 
is Jadav TAVIA Ravis £1980 £2.00 fon Aou Mao M/A £3.35, PAE HS, 22,000 MFD 63V DC WKG £4.50 inc. 11 sec 15V 2A £3.50. All prices in- p 22v p22 o0 Too rains ork 220 
15 12-24v MAEA i : VA £3, P&P £1, ‘postage and V.A.T. 6800 MFD S b ` Sateh eacceaiD 
18 tBSavtavioarzeven “Ese ELSO VAT oop SH 120 MAES PAPEI VAT. | -WEG E280 inc. postage and V.A.T. 3600 Se ATK2MUn 473V 24 200 25 22 | meta) 2891 228 
= el ENES Eis, 00H tO M/AEN TE, PP EIVAT. | and VAT. 10,000 MFD 16V DE WEG five THANSFORMERS, y eos 2 2 Ta, 
ve SRP. T.. 50 inc, tage and V.A.T. t de Pri -i sec TK; 5 ; 1 
HEAVY DUTY OP TRANSFORMERS 40p. 50H 25 M/A £2, PEP £1, V.A.T. 45p. CEE ATRCWKGR ES rE linehioatace SRT A Pa eV OSA TeV OSA, 32 10/16 25 220 100 40 Twin 212 2905 2B 
Iv ACTER £15.50 PAB 125 Type OTHSEL S0 wale ry id (OLE MINER pAr EAE 380 MAA: and V.A.T. 4.7 MFD 50V DC WKG ten for 175V 100 M/A. Separate windings, As above 10/35V x 330 EE PR. An Faas 
m/a dc max, £15.50, P&P £1.25. Type OT29E watts, 3.750, 7 types top panel connectio 35p, inc. postage and V.A.T. 22,000 MFD EE type! top panel connec- witt 15/10V EE 
aec rated Zrt Zaa de Max EA., PERET. ae Pap e2 VAT 90p' 25H 60 Mr 10V DG WKG five for £2.50 inc. postage tions, £3.95, postage £2.40, V.A.T. sexe POT 15/16V. 30, gan Gaeeereee 2307, 28 
AUTO STEPDOWN TRANSFORMERS £1.75, P&P £1, V.A i0p. 15H 75 M/A £2; {_and VAT. Co = Sears [iy ORG 470 25 28 amp 31 2907A 28 
ICAN EQUIPMENT P&P £1, V.A.T. . Gardners enclo AC WKG BLOCK CAPACITORS paa RCHASE. COMPUTE Stereal(nal 22/16V 32 
240/110 Volts. cabbie Rogar stock line. Types 80-1500 type 1B0H 24 M/A £4, P&P £2, V.A.T. 90p. t15 MFD 250V AC WKG £2. 8-4 MFD 250V ee TE a ia All Prima- ain) 90 33/10V 38 470 63 43 amp 58 2a A 
watts are fully shrouded. Fitted with American two or three pin 30H 120 M/A £4, P&P £2, V.A.T. 90p. | AC WKG £1.50. 5 MFD 440V AC WKG £2. i ries 240V. No. 1 secs. 26V 6A £6.50, car- 47/6.3V 43 470 100 60 Solid 2925 15 
socket outlets and 3 core 240V mains lead. Types 1750 and 2250 > OKES | 2.5 MFD 360V AC WKG £1. 2.7 MFD+0.1 riage £1.50. Fully 100/3V 37 1000 16 30 am 4 
watts are steel cased with two American socket outlets. Neon ic! core 8 M/H TER ETS P&P £2, VAT. MED 790V AC WKG £2. 1.5 MFD 370V AC No. 2 sec. tapped 26-31-36V, 11.24 £12, enclosed Feed- 1000) 25) 38) Puukticores eee 
indi ains lead and carrying handle. Sen eir in DoM WKG £1. 0.7 p. P&P £2. er 
diemen Deu E American eee plugs, adaptors £1,32. 4.8 wa ea amen 0.25 MFD 1500V AC WKG £1. 4MFD 250V | No. 3 sec. 36V 6A £6.50. PRP £1.50. paaa erromani 1000 63 65 8 Core 39 3017 25 
Beata Bm Bic an viet | ASe No dse aN Sagay rer cisa | Eime — woolsreowy mo Jo aa leee de 38 $ 
M/H 1.15A £2,50. P&P £1, - o. 5 sec. 75. 25, 5 3053/27 
SPECIAL OFFER. HINCHLEY MAINS VAT En IMH 12A x2, 2 M/H 24A or 4 TRANSFORMERS Nana feacta e 027 V (1 2nd O 7y Miniver. 14 MaNi MLM 2200 63134 Sorsened 3055 0o 
pinata samara marae comme M E || Sram acns cree | | RMON OM eens. ar | reg amens droa soe pe eS 
j „A.T. £1.80, Parmeko pri .A.T. 40p. ‘C’ core wÍ i i ; y 45. tereo 
ara e aove ampai Fully shrouded top panel connections. Fae Gar ea VAT. E195. C’ core 200 panel mounting with calibrated dial ‘£1.25. Standard  (800MH2) 23 Mini Single 3232 150 
220-240V. Sec 240V 6 amps. Fully si EE VAT. £4.50. a 7 in, £20, Carr £5 0-265 volts and control knob. Price 1 No. 9 18V 2A £2.50. P&P £1. Vert. 17 2-10pF Beautiful aD, Eee 4 
Te OSC ATMEL TNS BEGINS Pa POR eine ‘ f PLEASE ADD V.A.T. Standard (600MHz) 27 MiniRadial Ministere e 38 
V.A.T. £3.75. ot ——— Horiz © 17° 2-22pF Low Voltage gi Mee 13300 60 
mee Se = ~ n% umb- Matsushita 
AILS wheelor a!  Ge'eepe only Fone e 
WW — 081 FOR FURTHER DET = = Spindlefor  (200MHz) 35 uFd V _ Screens 44 3302 80 
` Standard voc OTa aE a 
Pre-sets E ie 3391A 3 
ai 8 250VAC 33 Jẹ 7 8Core 61 -3391A 34 
- u POLYESTER 12Core 80 3392 27 
; Cormetzo CAPS 47 le 8 3393 24 
10nF 12 AerialCable 3394 20 
Turn 100 10 9 
} 15nF 18 50NQRGE8A 3395 26 
Precision F 100 16 10 33% 26 
Presets 22n 48 220 10 111 36 
] È son, 1000, 470F_ -32 555 ig 42 75QUHF 38 '3397 27- 
i i 100nF 35 75QVHF 28 3402 35 
2n kok 150nF 37 470 10 17 300NFiat 14 3403 50 
5000.1K, 2K,  39one 37 470 16 18 AEN 
5K, 10K, 1000 10 20 3405 50 
20K, 50K, Onm o ogi ee zaina nbowa 59 
u e a a å ee ee å ee eee 100K, 250K, Polystyrene 7 2209 10 4 so cblo og E 
Caps 5% or ay 
The June Ao ees f 
. 10pF, 15pF, ay 
issue of Your Computer ` To Marketing Department, Room 316, merge BEF RE Vegna SWN N a g 
i j ' gapr, CoPperCled GlassPCB 3444 170 
tains a FREE software | IPC Electircal Electronic Press Ltd peec SpF car Sonea Gomes, Has 1o 
contal Quadrant House, The Quadrant E12 Series 1 Sioa RMS a AAA ge 003 
ial int tto ZX 81 owners uaara 3 d ipgeionr 7 1 ofcren 80 420x195 > 3448 e6 
EE onteres io | Ẹ Sutton, Surrey SM2 5AS emeng STORE 08 d manuo Sa fe 
3 . 63V MINI 3230p EF, 25x17 BO 420x245 3512 106 
' , tee 390pF, 479x17 420 TM 195 3553 115 
TAROK PAE TOO gexa Please send me 12 issues of esa, gaon, VABoard o forie SB 
. in| 1 a 20 
bearing a program for a well-known - Your Computer e jo FEA, Dintowd e0% Seiu- 3e S 
i n :3nF, 4.7nF, ion 
board game AmE o tone, WACKCUNG, zsomibonle 268 50 
` ni i 160 
Of ee ES 
An article tells you how to transfer the enclose a cheque/PO for a aoe $na 
f the disc to your ZX 84 | £8 UK/S14 Overseas, payable to yest 276 
software from the disc to y ‘ : Radial ong 36 
th iding the laborious process of IPC Business Press Ltd. oa" ee ee eB 
nF-10n) nF, rl 
us AVOJ g — | (8) 10 22nF, 330, Seale Snool Unlisted 3632 938 
j j inF-68nF 47nF, 68nF, types. 
keying in program listings. s U2nk-aanr | 4ZnF, BBN, Combs 8 ppoe 3838, 3 
Name Taar AM gee: ae EE, Giles. SENA 82nF-1500F  150rF, 1ooovoc 404 150 3639 36 
a i T. Cho Sees E 
' ’ à 330nF, a  (300VAC 
Also in this issue: = isn" Soe Se Ge 2 ee 
e Review of VIC 20 software capace Bon" WE, ink. 22nF B18 a3 ae 
i , —_ 1.5pF, 2.2nF 6ank 929A 45 
i i 100nF, 4.7nF.6.8n 
e BBC micro: what the manual didn't i Soc ce 220 n E? y onp 28 Soa go sea 1 
à : nF, Quality n 
a E g ae o EE 
: WEB 7, R 3693 25 
iti f 390nF 20 Matsushita 47nF 45 1302 65 
e Writing a word processing package Eine Mim e g fy e Sh a 
560n AXIA 220n1 
icol b. PRSE ee ks a oe et el earn O G0 oe) Gaye) a) OTe eae. a 6BOnF ` 32 urd Vo 470nF 110 1308 78 au) 
. : pF (10m: 47 63 
At all leading newsagents. Price 60p. liom, 3 mos He 3 
$ 47 380 “3  1500VDC 189 sọ 3707 10 
: TANTALUM 1 ASS ES 3700 10 
der wi BEADS 100 9 30 
Why not place a regular order w aoan yay g paag COVACI 17a sso Smo mo 
Pee E e Aa UG MEE a an: Get. oc 3 180 
your newsagent? Or take out a Soman, fo "Bint 
Pei P 3.3nF,4.7nF 221 3713 288 
subscription by completing the coupon. *WW14 30 D 2e so 3713 as 
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6126 
6129 
8130 
6131 
6132 
61 


162 
Prefix AF 
106 75 
109 75 
114 65 
17 Z0 
118 89 
124 72 
125 Z2 
128 172 
139 53 
239 124 
240 100 
279B 75 
279G 75 
280 75 
Prefix AU 
110 220 
113 230 
Prefix BC 
107 13 
107A 14 
107B 14 
108 12 
108A 13 
108B 14 
108C 14 
109 13 
1098 14 
109C 15 
113 30 


SSOLSRSSRSSSRRSRASER 


"1 


30 
252 22 115 58 246 37 0404 25 
252B 23 116 250 246A 39 0411 35 
252C 24 121 225 246B 39 0412 35 
253 22 124 150 247A 40 0413 35 
253B 23 131 44 247B 40 0414 48 
253C 24 132 50 254 30 0461 45 
256 25 135 40 255 30 0462 45 
256A 26 136 40 256A 42 1001 45 
2568 27 137 42 2568 43 1002 45 
257 26 138 42 256C 45 1075 45 
257A 27 139 44 257 30 1100 45 
258 24 140 44 258 32 1120 48 
258A 25 142 240 259 35 3002 25 
258B 26 153 125 262 80 4001 45 
259 25 155 120 263 90 4002 45 
2598 26 157 120 270 65 4003 45 
259C 27 158 140 271 68 4101 25 
260 30 160 380 273 40 4102 25 
2608 32 181 175 274 40 4103 25 
260C 33 182 250 324 38 4104 25 
261 33 183 270 336 36 6001 25 
261A 34 187 109 337 38 6002 25 
261B 35 201 130 338 48 6003 25 
261C 38 202 139 355 60 6101 29 
262 31 204 144 362 85 6102 28 
262A 32 220 100 363 85 8001 47 
262B 33 221 95 450 35 8002 62 
262C 34 223 100 451 35 8003 50 
263 30 224 95 457 46 9001 56 
263B 31 232 111 458 56 9002 56 
263C 32 233 70 459 82 PrefixMJ 
264 40 234 72 Profix 481 279 
2648 42 235 72 BFR 491 364 
266 35 236 76 39 25 802 446 
266A 36 239A 57 40 25 900 290 
2668 37 239C 64 41 25 901 310 
300 45 240A 59 79 25 1000 250 
301 4 240C 73 80 25 1001 300 
302 43 241A 61 81 25 1800 360 
303 47 241C 67 Prefix 2500 350 
304 48 242A 65 BFS 2501 370 
307 13 242C 70 21A 450 2955 100 
307A 14 243A 72 28 295 3000 330 
3078 15 243C 85 61 100 3001 350 
308 12 244A 82 98 110 3701 255 
308A 13 244C 100 PrefixBFT 4502 446 
308B 14 245A 114 19 185 Prefix 
309 14 245C 130 19B 188 MJE 
309A 15 246A 120 66 248'340 55 
3098 16 246C 150 Prafix 370 72 
309C 17 249A 200 BFW 371 79 
317 15 249C 231 10 148 520 58 
318 15 250A 271 11 148 521 71 
320 25 250C 248 Prefix. 1090 365 
321 25 433 79 BFX 1100 355 
327 14 434 7929 30 2901 365 
323 14 435 81 30 35 2955 100 
337 15 436 81 34 100 3055 75 
338 15 437 88 37 70 3739 458 
347 20 438 88 43 70 Profix MP 
350 20 439 90 68 100 8111 100 
382 30 440 9 84 35 8112 139 
382L 30 441 91 85 38 8121 135 
383 30 442 93 86 40 8122 140 
383L 30 529 120 87 32 8123 116 
384 30 530 130 88 33 8512 159 
384L 30 535 75 89 108 Profix 
407 30 535 75 Prefix MPF 
408 24 537 80 BFY 102 45 
409 30 538 80 18 115 103 40 
413 25 539 0 19 110 104 40 
414 25 539C 110 37 120105 40 
415 30 540 85 39 50 112 50 
416 30 540C 120 41 116 Profix 
418 30 675 72 50 25 MPSA 
440 32 676 77 51 25 05 20 
441 33 677 78 52 25106 22 
460 32 678 83 53 45/10 20 
461 33 711 132 56 70 12 28 
478 29 712 132 56A 65 13 28 
479 30 Prefix 75 75 14 46 
516 40 BDX 76 50 16 30 
517 40 14 130 77 80 18 65 
547 13 18 159 78 80 20 50 
547A 14 32 37 80` 9542 58 
547B 14 ` Profix Profix 43 50 
548 12 BDY BSX 55 28 
548A 13 s4 498 19 2556 30 
548B 14 55 209 20 25 65 40 
548C 15 56 235 21 40 66 47 
S49 13 57 525 26 60 70 45 
S498 14 58g 415 27 78 92 65 
549C 15 BrefixBF 28 6693 66 
550 30 121 75 29 60 Prefix 
550C 33 423 79 3 eo MPSL 
557 15 60 75 01 42 
127 80 
557A 18 153 39 61 go 51 48 
5578 16 154 48 76 50 Prefix 
558 14 PrefixBU MPSU 
157 58 Prefix 
568A 15 15a 5g 104 30001 84 
558B 16 170 04. 132 
159 58 105 70 
5668C 17 160 55 109 300 05 55 
559 15 161 58 126 166 06° 56 
5598 18 204 225 07 75 
163 50 
559C 17 166 57 205 175 51 88 
560 32 167 30 206 200 55 64 
560C 34 170 79 208 20056 65 
Prefix 3 225 57 120 
173 25 326S 22 
BOY as 174 77 406 145 Prefix 
Ja dao 177 25 407 145 MRF 
30A 130 35 421 3995 
178 30 408 135 
31, JI 179 35 409 125 450A 


20 1100 475 
100 18 E 21 1090 477 2195 
80 185 37 23 1360 479 1232 
100 194 312 24 1210 604 729 
191 195 12 25 1500 PrefixOC 
32 196 12 Prefix 20 230 
3 197 12 +» BUY 22 200 
180 198 15 18S 395,23 200 
200 439 45 Profix) |25 250 
17 200 27 300 48/28 170 
17 22a) 32 310 53/29 235 
35 325) 35 PrefixMA/35 235 
36 340 3a 8001 45 | 41 80 
22 241 38 8002 62/43 70 
Z2 244a 30 8003 39°44 8 
660 3448 30 © PrefixME 70 50 
490 001 2571 50 
-Aio 245A 30 


% BY PHONE (QUICKEST WAY): Quote Barclaycard, Visa, 
American Express, Access number for immediate service. 


% BY POST: Cheque, PO or send card no. with signature (No 
% CALLIN & COLLECT: Please add 15% VAT & 70p p&p to all 
orders — more for heavier 


CRICKLEWOOD ELECTRON 
40 BROADWAY, LONDON NW2 3ET. TEL: 01-452 0161 
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46 
TIC106B 
4 


72 50 TIC106C 
82 50 48 
82D 70 = TIC106D 
83 75 59 
Prefix R = TIC106M 
20088 214 68 
R20108 
188 8A 
Prefix TIC116A 
TI 66 
29A 35 TIC116B 
296; 49 68 
30A 39 = TIC116C 
30C 49 71 
31A 44  TIC116D 
31C 52 73 
32A 44  TIC116M 
32C 58 80 
33A 75 
33C 88 2A 
34A 95 TICI26A 
34C 125 72 
35A 125 TIC1268 
35C 158 73 
36A 160 TIC126C 
36C 170 75 
41A 54  TIC126D 
41C 78 77 
42A 59  TIC126M 
42C 80 98 
0 1 
ety Cael 
54 280 AUDIO 
110 74 PLUGS 
112 30 (3:Pin XLR} 
18 81 Male 170 
6 Female 165 
120 86 Sockets 
122 100 ji 
(Chassis) 
125 120 
127 127 Male 150 
130 150 Female 235 
132 160 TRIACS 
135 160 Texas 
137 180 400V 
140 199 T0220 
142 140 Case 
145 216 Prefix TIC 
147 140 206D 66 
2955 77 225D 74 
3055 70 226 88 
Prefix 236 116 
ns 246D 122 
43 40 - 253D 190 
45 66 263D 211 
88A 62 
90 28 DIODES 
91 30 Prefix 1N 
92 30 34A 30 
93 54 921 70 
Profix VN 823 92 
10KM 60 914 8 
ABAF 84 916 10 
66AF 85 4001 4 
Prefix 4002 5 
ZTX 4003 6 
107 10 4004 7 
108 10 4005 8 
109 10 4006 9 
300 13 4007 10 
301 15 4009 20 
302 15 4148 6 
303 23 4150 18 
304 15 4448 22 
310 35 4517 22 
311 32 5172 30 
312 35 5176 34 
313. 36 5400 12 
314 24 5401 13 
320 35 5402 14 
330 35 5403 15 
341 28 5404 16 
500 74-5405 17 
501 14 6406 18 
502 14 65407 19 
503 17 6408 20 
504 24 Prefix BA 
510 34 - 155 45 
530 24 156 38 
531 25 182 40 
DIACS 201 18 
BR100 40 202%" 28 
ST2 29 316 25 
THYRISTORS 317 25 
Sensitive 318 30 
Gate Prefix BAY 
Small 93 10 
Signal Profix BB 
2N5060 103B 70 
30 103G 70 
2N5061 1048 80 
32 104G 80 
2N5062 105 52 
35 105A 57 
2N5063 105B 58 
37 109G 65 
2N5064 * Profix BY 
40 126 20 
BR101 75 127 22 
BRY39 60 134 52 
BRY55-1- 182 126 
00 60 188A 65 


WO4 (400) 28 
Wo8 {800} 40 


Sauare 


Pwo) (1001 
50 
Pwo2 (200) 
78 
PWO04 (400) 
as 
PW06 (600} 
90 


25 amp type 
Metal cla 
hole 
KO1 (100) 
K02 (200) 
23 
K04 (400} 
280 
KO6 (600) 
ZENER 
DIODES 
400-500mW. 
E24 Series 
24-47V 10 
1.3 Watt 
E24 Series 
3.3-82V 20 
2.5 Watt 
E24 Series 
7.5-75V 110 
20W Pos. 
Stud 
(BZY93 
series) 

E24 values 
7V5-75V 200 
OPTO 

ELECTRONICS 
Prefix 2N 
5777 78 
5778 88 
5779 109 
Prefix 4N 
25 110 
Profix BP 
100 140 
104 100 
Profix BPX 
25. 247 
29 247 
Prefix COX 
13 40 
23 53 
33 48 
Prefix LD 
30A 10 
36A 12 
37A 12 
52A 12 
56A 15 
57A 15 
52C 30 
56C 30 
57C 30 
80A 18 
86A 22 
o7A E27 
242 75 
271 40 
461 25 
466 145 
468 165 
471 27 
476 120 
478 145 
479 165 
481 27 
486 125 
488 170 
489 189 
599 81 
ORP 
12 120 
RPY 
60 265 
63 265 
LLS 
32 71 
78 60, 
81 180 
99 135 
116 110 
138 240 
139 240 
209 15 


297 48 312 
299 55 313 
: Prefix OA LINEAR 
10 70 Al 
ATi 20" 4G2 
90 n 
91 1 
1-0212 
2 GY ae 
200 20 4.1320 
202 20 1-5050 
BRIDGE -1270 


1271 
RECTIFIERS 3-8910 


(PIV shown 3-8912 
fe brackets) 
amp type 
Wo1 {100} 20 3047 


Wo2 (200) 26 3048 299 


CA 
3048 


69p 
460 


ORDERING FROM CRICKLEWOOD IS EASY!!! 


(No minimum order) 


minimum order 
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= Ea TRANSFORMERS 22" 


by return - 4 


MAINS ISOLATORS (screenad) 


Pri 0-120; 0-100-120V (120, 220, 240V} Sec or 


split bobbin to BS. 
Ref. VA (Watts) 

* 20 
60 


Pri 0-220-240V. 


50 VOLT RANGE 


Sec. Volts available -5, 7, 8, 10, 13, 15, 17, 20, 
25, 30, 33, 40 or 20V-0-20V or 25V-0-25V 


“Amps 


60 VOLT RANGE 

Pri 0-220-240V {Split Sec) 
voltages available 6, 8, 10, 12, 16, 
18, 20, 24, 6, 40, 48, 60V, or 


, 30, 36, 
24V-0-24V or 30V-0-30V 
A 


BoUurwnaaB 
w 
2 


ae 
No 


; 400/440V ISOLATORS | 


i 400/440 to 200/240V 


CASED AUTOS 


240V cable input USA 115V outlets 


4A 6: y 


es 
BZ2Vke 
oO0009 


Seomawnn: 

SeoooOMOOM 
RBSLSREBS2RS 
NON a A 

NESES 


PRÈ 


on 
oo 
o 


DA 


161 6000 203.65 j 
115 or 240v sec only, State volts required. 30 VOLT RANGE (Split Sec) 


Sec. Volts available 3, 4, 5, 6, 8, 9, 10, 12, 
15, 18, 20, 24, 30V or 12V-0-12V or 15V-0-15V 


Amps 
15v £ P&P 
1 1.20 


3 
w 
2 


ponaos 

SERB EEÈ 
nuy 
RSSSSaBS 


> d d g 
RGbSwonawnsoe 
a 
oO 
> 


aw 
as 


AUTO TRANSFORMERS 


' Voltages available 105, 115, 190, 200, 210, 220, 


230, 240. For Zep up or step down. 
A (Watts TAPS 
15 0-10-115-210-240V 
80 0-10-115-210-240V 
4 150 0-10-115-200-220-240V 
67 500 0-10-115-200-220-240V 
84 1000 0-10-115-200-220-240V 
93 1500 0-10-115-200-220-240V 
95 2000 0-10-115-200-220-240V 
73 3000 0-10-115-200-220-240V 
80s 4000 0-10-115-200-220-240V 
157s 5000 0-10-115-200-220-240V 


CONSTANT VOLTAGE 
TRANSFORMERS 
For ‘clean’ mains to 


SP NSEORMER 
computers, ipherals. . 
puters, bony ae s. NDING 


i wi 
+ p&p SERVICE 
£159.43 | 
£213.12) + Vat 


TOROIDALS NOW 
AVAILABLE 
, 30VA 60VA 100VA 160VA 230VA 330VA 530VA 


Send stamp for list 
PLEASE ADD cert VAT AFTER P&P 


Overseas post extra 


: p a 
4 OTHER PRODUCTS ; RB 


AVO TEST METERS 
8 Mk. 5 Latest Model £122.10 
71 (Electronics & t 
73 TV Service) £68.90 
MM5 Minor £43.60 
DA211 LCD Digital 
DA212 LCD Digitat 
DA116 LCD Digital 

«Megger 70143 500v 2 
Megger Battery BM7 £71.60 
Avo Cases and Accessories 
P&P £1.32 + VAT 15% 


BRIDGE RECTIFIERS 


2A 45p 


Send 20p for catalogue. 
Prices correct at 20/3/81 
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MAINS BATTERY ELIMINATORS 
No wiring, ready to plug into 13A socket. 6, 9, 
12V DC 300mA £5.10 + VAT 


ANTEX SOLDERING IRONS 15W. CCN240 or C£4.50 
Safety stand £1.75 25W X25 £4.80 
12V 25W car soldering kit... $ 

, P&P 50p 


PANEL METERS £6.70 ea + 76p P/P + VAT 

43 x 43mm or 82 x 78mm V.U. Indicator 

SOpA, 5004A, IMA, 30V d.c. etc.  £1.95+30p P&P+ VAT 
ducational Meter 10A8 30V £4.50+VAT 


Precision De-Solder Pumps ~ Spring loaded 
quick action button release for one hand 
working. Large £5.86 P&P 35p +VAT. Smail £5.17 
P&P 30p+VAT. Replacement tips: Small 
65p+ VAT. Large 86p +VAT. 


ANTEX SOLDERING IRONS 15W CCN240 or C 
£4.50 25W X25 £4.80. 12V 25W car solder kit 
£5.30. Safety stand £1.75. P&P 55p + VAT 


METAL OXIDE RESISTORS £1/100 
Special Offer TA4 5% Electrosil (100s only}. Use in ie 
of c.film. 47N - 750 - 1800 - 3601} - 390N - 4300 - 4 - 
5100 - 5600 - 8200 - 1K - 1K2 - 1K3~ 1K6 - 1K8 - 2K - 2K4 - 
3K - 16K - 20K - 22K - 24K - 27K - 47K - 82K - 100K - 110K - 
120K - 130K - 180K - 220K - 270K - 300K. P&P 30p + VAT 


Barrie Electronics Ltd. 
3,THE MINORIES,LONDONEC3N 1BJ 
TELEPHONE: 01-488 3316/8 


NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST. 


AUDIO BENCH TEST SET CT373 three function unit AF Osc 17c/s 170Kc, V.T.V.M. to 
300v & Dist Meas Set to 20Ke 10/30/100% FSD 240v mains new cond with book. £80. 
RECORDING TAPE Ampex new Mi! Spec 1⁄4 3600ft on 101%” spools £7.50. ; 
RADIOSONDES British Mk.11 battery operated, Tx on 27Mc/s use tone modulation 
for Temp, Press & RH. new with chart. £7.50. 

AIRCRAFT CABIN SPEAKERS size 17x3¥2x2'% contain 4 3 ohm 3x3” spk black 
crackle finish. £7.50 Transis Amp unit plugs in spk. £3.50. 3 
HANDSETS lightweight moving coil with ext cord nom 50 ohm. £3.50. 

BENCH P.U. Solatron 240v mains OPs 0 to 500v DC at 100 Ma & 6.3v at 3 amps fitted 
meter tested. £30. h D 
BLOWER UNITS. H.D. for 240v outlet 22x312” new cond. £13.50 also similar outiet 
2x2" new cond. £11.50 also Axial type 115v fan size 5x4” with air filter as new 
cond. £8.50. 

STANDARD CELLS Muirhead 1.01859v size 312x112x34" tested. £5.75. 

HIGH RESIST TEST SETS 240v see list. £40. : 
RECTIFIER UNITS 240v I/P O/P 28v DC at 15 amps with meter tested. £38, M.O.D. 
RECORD PLAYER UNITS for 240v mains as Goldring Lenco 4 speed deck with mono 
amp about 10w push pull, int spk provision for ext 4 or 15 ohm spk, as bass & treble 
controls, Gram k Mike vol controls in wood case size 17x15x11” good cond with 
circ. £45. 

MARCONI TF1041B VTVM mains operated. 300Mili/V to 1Kv DC 300Mill/V to 300v 
AC. Ohms 50 to 500Meg FSD, as RF probe to 500Mc/s, good cond, tested with book. 


48. 
INTERCOMM SET 36. for use by aircraft ground servicing teams provides commu- 
nications for up to 3 persons by means of headsets & throat mikes, supplied in fitted 
case size 20x13x13” this also contains amp unit for mains or 24v also contains 
range of extension cables 25 & 120 Ft, cable clamps, etc new cond with circ. £45. 
MAINS ROTARY INVERTORS I/P 24v DC at 10 amps for full O/P, provides 230v, at 
50c/s 140 watts Sine Wave O/P complete in carrying case with connectors, good 
cond. £45 or Inv only £27. 3 
COAX RELAYS small 24v coii 50 ohm with connec ex new equip. £5. 
RADIO VALVE KIT as follows ail CV types 6BA 6x5, 6BE6X2, EFS1x4, EB91x3, EL91 
total 15. £10. 
AIRCRAFT ADF EQUIP. comprises Rx R1937, Rx Control Box, Loop Ae, Mech Drive 
unit for Ae, 360’ bearing Ind, Ae Amp, Junction box, will provide ADF or Manual 
bearings on signals in range 150Kc to 1500Kc can also be used as normal Rx reqs 
24v DC at 5 amps, some tech info. £85. “Sn E 
BENCH P.U. heavy duty O/P var 0 to 40v and 0 to 40 amps, over volt & current limit, 
fitted volt & amp meters, 19” panel, new condition, for 240v mains. £125. 
MARCONI TF867 Sig Gens 15Kc to 30Me/s £65. TS419 Sig Gen 900/2100Mc/s 115v. 


£65. 

REDIFON GR286 Marine VHF base station, one only. £115. 

AUTO TRANS 200/250v to 115v at 560 watts enclosed. £14.50 

COLLINS R278 UHF Rx 225 to 400Mc/s in 100Kc steps any 11 freq can be selected 

from front panel, uses 38 xtals no ext xtals req, AF O/P 3 watts 600 ohm for 230v 

mains 19” rack mt about 50Kg tested with book. £115. S.T.C. STR.18. 

AIRCRAFT RADIO EQUIP comprises various items to make up a 24 chan remote 

controlled HF Tx/Rx installation 2.8 to 18Mc/s rated 100 Watts AM/CW mains items 

R4187, Rx, T4188 Tx, T4180 ATU, 14243 Tx C.U., T4192 Mod & P.U., T4189 C/Bx circs 

avallanis no cables reqs 24 & 19v DC, uses Hc6/u xtals not supplied, good cond. 
15. È 

Above prices include Carr ae & Vat. 3 
Goods ex-equipment unless stated new. AE with enquiry 
or 2x 15'4p stamps for List 28. Allow 14 days for delivery. 


A. H. SUPPLIES 


122 Handsworth Rd., Sheffield, S9 4AE 
Ph. 444278 (0742) 


FIRST IN THE WORLD 


The ICM-12, synthesized, marine 
hand-portable radio 


FEATURES: 

‘@ 12 channels — 6 and 16 fitted as standard. 

@ No waiting for crystals, can be diode pro- 
grammed between 156-164MHz. 

@ Automatic semi-duplex for private and 
link calls. 

@ Slide-on nicad pack recharges from mains 
or 12V. 

@ Lots of options, speaker mics, alternative 
battery packs, 12V leads, and desk charg- - 
ers. 

@ Complete with nicad battery pack, mains 
charger, belt clip, earphone, rubber 
antenna. 

@ Home Office type approved. RTD HP 105. 

@ PRICE £199.13 + VAT. Free carriage. 


Also 1C-M25D 25W, synthesized 25 channel 
VHF marine transceiver £207.83 + VAT. 


Trade enquiries very welcome — Ask for Phil 
Hadler 


We can also supply 
the ICOM IC100E 
Highband PMR Base 
and Mobile transceiv- 
ers. Fully approved, 
very compact, built-in 
CTCSS and at very 
competitive prices. 
Dealer outlets re- 
quired, ask for Dave 
Stockley. 


Thanet Electronics KAICOM] 


143 Reculver Road, Herne Bay, Kent 
Tel; 02273 63859. Telex 965179 _ 
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CONTROLS ~> 


— 24 key pad includes hexadecimal 
. keyboard and function keys. 
—12 address LED's. 
—4-function LED’s (error, prog, ok 
and size}. 
— 2 hexadecimal displays. 


SPECIAL OFFER 


Assembled £270.00 
Kit Form £180.00 


Prices exclude V.A.T. 
- and carriage. 


WIRELESS WORLD JUNE 1982 


MICROPROCESSOR CONTROLLED 
EPROM PROGRAMMER 


Qualified by INTEL and new to the UK. home market 
Velleman UK. are offering you their K2578 EPROM pro- 
grammer This compact unit is complete with the power i 
supply and available assembled or in kit form. 

The K2578 will test, verify, copy and programme the 
following EPROMS with No need for any other per- 
sony module — 2716 (Intel or equivalent) - 2732 

ntel or equivalent - 2732A (HMOS version of In 
TMS2516 (Texas Instruments). hag de 
Ideal for industry, repair shops, schools or the home 


enthusiast, the K2578 works independently and has no 


specific relation with any 
development system. 


TECHNICAL 
INFORMATION 


— power supply: 220/110V AC 50/60 Hz 
— supply current: typ 7OMA/220V 
150mA/110V 

—2K byte STATIC RAM STANDARD 
{expandable to 4K byte) 

—miicroprocessor-controlled 

—CMOS/TTL LOGIC 

—Textool test socket 


MECHANICAL 
SPECIFICATIONS 


—length: 420mm 
—depth: 190mm 
—height: 78mm 
—weight 3.75Kg 


FUNCTIONS 


— blank test 

—verify test ; 

—program with automatic blank and 
verify test 

— input or modify data in user RAM at 
any desired address _ 

—load RA Miluocion to fill the RAM 
area with data from a preprogramm 
PROM to perform a cone : i 

— Parallel load capability from a DMA 
controlled RAM field 

— size selection (16/32K) with single 
push-button $ 

—OK indication for successful executed 
functions 

— ERROR indication with error codes on 
display 

— blank error 

—verify error . 

— illegal address access error 

increment function which stores the 
input data via hex. keyboard and jumps 

to the next address in user RAM 
— reset | 


ELLEMAN UK. LTD 


` WW -— 057 FOR FURTHER DETAILS 


P.O. Box 30, St. Leonards-on-Sea, East Sussex TN37 7NL. 
Telephone: Hastings (0424) 753246. 
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RHODE & SCHWARZ 


| Selective UHF V/ Meter. Bands 4 & 5. USVF 
H Selectomat Voltmeter USWV £450. 
UHF Sig. Gen. type SDR 0.3-1GHz 


š e OE a ae 
P F RALFE ELECTRONICS . | APT 1045978, 12-14V @ 5 Amps £25 (E2 pp.) 
a 5 v KAPT 10459/8, 24V @ 5 Amps £25 (£2 p.p.) 
10 CHAPEL STREET, LONDON, NW1 * 
TEL: 01-723 8753. - Mullard Dual supplies. Brand new with: 


POWER SUPPLIES 


We can supply the above power supply at any: ji. 
fixed voltage between 5V and 36V at 5A £2 4 


handbook. Pos & Neg 12V at 1A and 0.4A respecti- 


f UHF Signal Generator SCH £175. 

i XUD Decade Synthesizer & Exciter. 
POLYSKOPS SWOB ! and II. 
Modulator / Demodulator BN17950/ 2. 


MARCONI 


TF995B/2 AM/FM Signal Generator. 
TF2500 Audio power meter 

TF1101 RC oscillators £65. 

6551 SAUNDERS. 1400-1 700MHz. FM. 
TF1066B/1. 10-470MHz. AM/FM. 

pen | 2a Power meter. 25W. 500MHz 


ee ee nh ie ees 
RANK KALEE 1742 Wow & FI 


for vibration testing, etc. 


TF1370A RC Oscillator £135. 
TF791D Carrier Deviation Meter. 


BECKMAN TURNS COUNTER DIALS 


to 15 turn “Helipots’. Brand new with. 
mounting instructions. Only £2.50 each. 


x VIDEO EQUIPMENT SALE zr 


b MARCONI Video/Audio mixing desks. 
1 Monochrome Video cameras com- 


To be sold in first-class working condi- 
tion. 
| Offers invited for complete lot. 


SEALED LEAD ACID BATTERIES 


334x2¥4x2¥4 inches, Excellent condition. £4.50. . 
(75p post), È 


20-WAY JACK SOCKET STRIPS. 3 pole type £2.50 
each (+ 25p p.p.). Type 316 three-pole plugs for 
above—20p ea. (p.p. free). | 


EV88 — A low-cost evaluation system for 
the 8088 microprocessor 


EV88 is a single board microcomputer that is ideal for 
evaluating the 8088 8-bit/16-bit microprocessor. EV88 can 
also be used as a powerful controller, and, with a suitable 
cross-assembler running on a standard microcomputer, and 
an EPROM programmer, for low-cost development of 8088- 
based systems. 


EV88 is supplied fully assembled and tested, with compre- 
hensive documentation, and a copy of The 8086 Book, by 
Rector and Alexy. All you need is a 5V 1A power supply and a 
terminal or a suitable microcomputer, 


% 8088 microprocessor in minimum mode (software compa- 
tible with the 8086 16-bit microprocessor). 


% Comprehensive monitor in 2K EPROM. 

% 2K CMOS RAM. 

X Cassette interface. 

x 24 lines of 1/0. 

X Eight levels of interrupt. 

eae compatible serial interface (300 baud to 9600 

aud). 

% Three-channel counter/iimer. 

% Buffered data, address and control lines. 

% Double Eurocard. 

* te expansion to 16K EPROM/RAM (sockets pro- 
vided). 

% Breadboarding area. 

% All bus signals available on 64-way DIN 41612 connector. 

%* Single 5V supply. 


%* Price £300 plus VAT. Includes delivery. 
8088/8086 design service available (software and hardware). 


LFH Associates Ltd. 
40A High Street 
Stony Stratford 
Milton Keynes 
(0908) 566660 
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utter Water: = Ng „5V at 24A. LXS D5 OV R. £25. (List £350). Carriage 
AIRMEC 314A Voltmeter. 300mV (FSD)-300V. 

AIRMEC Wave Analysers types 853 & 248A. 

DERRITRON 1KW Power Amplifier with control equipment 


TELONIC type 1204 0-500MHz sweep generator.......... £150 
TELONIC type 121 Display scopes we £9 
TELONIC type 101 Display scopes .. = 

A 3 WAYNE KERR AF signa! generator S121 model............. A VARIABLE VOLTAGE BENCH SUPPLIES 
Miniature type (22mm diam.). Counting up, | RADIOMETER Distortion Meter BKF6 £125. 


SPECIAL PURCHASE OF TEKTRONIX 
454 PORTABLE OSCILLOSCOPES 


Calibrated sweep delay. We can offer 
these units in first-class operational condi- 
tion complete with three months’ guar- 


OSCILLOSCOPES e a 
TEKTRONIX 500 SERIES SCOPES AT 
BARGAIN PRICES: 


All in good working order. Available to callers only 
TYPE 543B with ‘CA’ plug-in 25MHz DB. SOLD 
; 5 TYPE 545B with ‘CA’ plug-in 25MHz DB. 

Gould GELYTE type PB660. 6V. 6A.H. Measures TYPE 585A with ‘82’ unit. 80MHz. Few left £250: Reduced to 


= p. ` vely. Dimensions 9x4x5ins. £10 + (£1 p.p.) 
D : FARNELL Current limited. Dimensions 7x5x4ins. 
Following types available: 13-17 Volts @ 2A £15. 
27-32 Volts @ 1A 5V £15. 5V @ 3A £15. (pp £1 -50). 


SPECIAL PURCHASE 
LAMBDA POWER SUPPLIES 


Excellent LXS Series DC power units at lcos than a fi 
tenth of new price. The snag? — they’re all 110V AC 
input. Prices as follows: 


5V at 14A. LXS CC 5 OV. £20. (£258). c H 
24V at 3.1A, LCS C 24. £15. (£223), £250 extra 
j Special note: The 5V power supplies may be j 
operated (both primary from 230V} and DC output 
‘to give a maximum output voltage of 12.5DC when | 
connected in series. Deduct 10% from price for two 
gu or more, i.e., 12V DC at 24A for £45 + Tax! Very fi 
cheap! 


Variable voltage DC power supplies for workshop 

use. Constant voltage, variable 0-30V output at 1A. 
Cased, free standing, volt-metered output. Short 
circuit proof. Size 4 x 5x 7". Only £30—each (pp 


i COMMUNICATIONS TEST EQUIPMENT i 
MARCONI TF1066B/1. AM/FM Signal Genera- 4 


CONTENTS OF COMPLETE ektronix 454 DC-150MHz dual-beam ra “tor, 10-470MHz, 0.2uV-200mV output, FM De- 
ili in stock now. 5mV/cm Y-am- gio iati +100KHz from 30Hz-15KHz £550 
MONOCHROME STUDIO Sanae AV cascaded). 24ns risetime. es apo OON Slanal generator. *| 


Narrow deviation mode! 995 covering 1.5- 
£450 


MARCONI TF1064B/ FM signal generator * 


i A i for a once only price of £850. covering in three ranges 68-108, 118-185 and 
plete with on-board monitors. antos, x. g Z i 
Video monitors types CONRAC 1I MMM SPECIAL OFFER FOR THIS MONTH REDUCED TO £850.00 TRAD | ae ee Dire AM fined A E £223 
tube) PROWEST 13”. TT ACCOPEQ. a. |Æ MARCONI TF791D FM Deviation meter..... 


ROTRON INSTRUMENT 
COOLING FANS 


Supplied in excellent condition, fully © 
H tested: TA 

* 115V, 4.5 x 4.5 x 1.5" £4.50. 230V 
soe £200. [È> 5 135V,3 x 3 x 1.5" £4 + postage 
ea. 35p. : 


100V DC ELECTROLYTIC 
CAPACITORS 


Sprague ‘Powerlytic’ type 36D. 10,000uF. 100V. J 
Brand new at Sains Mi Only £4 ea, PP 50p. 


SUPERSEM 


PLYMOUTH 0752 21256 
MEMORIES AT UNFORGETTABLE PRICES 


1-24 25-99 100+ 1,000+ 
4116 P-3 200ns i 
2114 LP 450ns . 
2708k 450ns. 
2716k 450ns..... 
2732k 450ns..... 
8981 P-45 Cmos... 
8725 S 200ns.... 


lfc 
8224P Clock Gen... 
8226P Bus + B/Drives. 
8228P System Cont... 
8243P i/o EXp.......00 
8251AP Prog. Int./Face. 
8253P Prog. Int./Time ... 
8255AP Perip./inter... 
8257P DMA Cont... 

8259 Inter Cont.. 
8279P Key Disp.. 
4044 P-3 300ns 


Please add V.A.T. to all orders 
FAST DELIVERY : TOP QUALITY 
_ Phone 0752 21256 


SUPERSEM tiir 


Drake Circus 
Export enquiries welcome Plymouth PL48AQ — 
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-BRITAIN’S BETTER 
BARGAIN STILL IN 
WORLD-WIDE DEMAND 


Fill gaps in your circuit 
files with these sets of 
127 x 204 mm cards 

in plastic wallets. 
These unique circuit 
cards normally 
contain descriptions 
and performance 

data of 10 tested 
circuits, together 

_ with ideas for 
modifying them 

to suit special 

needs. 


wireless world circard Set 14: Digital counters—1 


Basic binary counters 


Typical data as Dy forwurd-biased, The Q output of a previous Aip- fy 
Single bistable anode of D, is approxinwtely is connecied to the tagger r, 
zev because its tor T -) input of the next 


x sf € ed to a fip-flop. This gives a natural, 
P i - count of 27 where » is the 
i. P ft biased. Therefore Tr, ctor number of stages, and 2° is the 
ai no Re SKA 10", cul š i a number of states through 
rE CE CE wF Which the counter progresses, 
D,, Dy: PSI 


increasing baye-drive current tu 
3 = Try. This causes Tr, collector 
ka A Frequency FOAL OBEY soliage to drop and Tr, be Circuit modification 
aires Trey input widih -< Ips SUTEN decreases causing a Range of Ry, Ry: 4.7k to47k2 
further increase in Tr, collector Frequency variation. 150 to 
\oltage. The process continues 30kHz 
Cina ia collectofemitter voltage is high, lll the other sable state, Tr, Range of Cy. Ca: 330 10 3300pF 
The bistable circuit is a T-type depending on Ry and Ry. and conducting and Try of is Frequency variation: 140 to 
“flip-flop” in which the output the base-drive current for Try gel it Rabe ale A s5 
i Pate for a neparne flows through R, and Rs. Boing trigger pulse resets the Increase turn-on speed with 
Sen ps sul for Aan Hence the terminals identified  Cİrcuit to its previous stmte. It capaeitors across resistors Ry 
trigger-input. M the baserive (arbitrarily) as Q and Q are TRS etr aee y 
current low and high ivel; rigger pulses. u Cp ` 
e N (Osu far eA The interconnection of theye Increased frequency of 
Serer When the trigger input is high, DiStable circuns to give o binary aperatien posse with 
This too low to forwardina the circuii is in a stable sia, > "PPIE counter demands that he additiona Wie connected 
the base-emitter junction of When the trigger input is driven nn > yi 
Try, about 0.7V, and hence Tr, near ground the negalive-going S es 
will be off This means its pulse-cdge is steered to Tr, base sae a aes! 


oe PM an reget ix” raul comparators and Schmitts {But these gaps cannot be filled) 

onstant current circuits ower amplifiers 8 Astable circuits 9 Optoelectronics 10 Mi ircui i i 
gates © 12 Wideband amplifiers 13 Alarm circuits 14 Digital Counters As Pulse ees Coser dona a = 
amplifiers — signal processing 17 Current differencing amplifiers — signal generation 18 Current differencin t 
amplifiers — measurement and detection 19Monostable circuits 20 Transistor pairs 21 io frequéne converte 

22 Amplitude modulation and detection 23 Reference circuits 24 Voltage regulators 25 RC oscillators — 1 "66 RC p 
oscillators—2 27 Linear cmos- 1 28 Linear cmos-2 29 Analogue multipliers 30 Rms/log/power laws 31 Digital 


multipliers 32 Transistor arrays 33 Differential and bri ifi icati 
Pecans T ridge amplifiers 34 Analogue gate applications—1 35 Analogue gate 


To IPC Electrical — Electronics Press Ltd. 
General Sales Department, 


Room 205, Ce on l.. e oan £2 each, 

poeta: House, £18 for 10 post free. 
utton, Remitta 

Surrey SM2 5AS ittance enclosed............... payable 


to IPC BUSINESS PRESS LTD. 


Name (Please pri oe 
Company registration in England prind a 
Quadrant House, The Quadrant, 
Sutton, Surrey SM2 5AS 


Reg. No 677128 


Address (Please print) 
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www americanradiohistory com 


NOW OPEN 
MONDAY-SATURDAY 
9.30-5.30 


7 Professional Ti electronic components, brand new and fully guaranteed. Mail order by 

return of ety GauhChequelPOs or Banker's Draft with order, payable to Hemmings Electron- 
‘Buy i with Acres ies Ltd. i ’ 

Official orders from schools, colleges and universities welcome. Export enquiry welcome. . 
P.&P. add 60p to all orders under £10. Telephone your Access orders, using our 24-hr. 

Ansaphone service. 7 

VAT P All prices exclusive of VAT — Please add 15% to total cost including P&P. 

No VAT on export orders or books. 


BC307A TIP31A 


HEMMINGS MicrocomrureRs 


RAND ST 
HITCHIN Tel (0362) 320a m.-5.30 p.m. 
n.-Sat. 9 s:m.-5.30 p.m. 
HERTS Clown ail day Wednesday, 
SG5 1JE 


== COMPUTER WAREHOUSE 


25 WAY D" 
BULK RAM SCOOP CONNECTORS 


RF CONNECTORS 
i c10 
4116 200 NS 8 for £12.95 100+ 24 Pin Vero 28p 
BUY À ee 4164 200 NSE8.50 each 1.70 110 095 14 Pin Gold 22p io CASSETTES 
SPECIALS 2102-650 NS 8 for £5.50 | 1.90 16 Pin Gold 24p or £5.75 


500 BNC PLG 50p 
759 BNC PLG 50p 


WIRE WRAP SKTS. 


2N2222/A 25p 


ee AE PL259 PLE 40p 

: i i A large range 4 i l 

Tipsic 2N2905. sop Pep A arpo range Eee sara BOVA i or Aria Weer ate va 100 PES Min Ord. tne. VAT TEND 
TIP32 SN2905A products in E6 range Electrolytics [ 
TIP32A 2N2906A 250p stock 2.2pF-47n Bp in stock 


TIP32B 2N2907A 25p 


TIP33C 2N3440 

TIP34 `2N3771 
TIP34A 2N3772 
TIP348 , 2N3773 

‘ep | TiP35. 

TIP35A I 1 79L12 

TIP35B 

TIP35C 

TIP36 

TIP36A 

TIP36B 

TIP36C 

TiP41 

TIP41A 

TIP418 

TIP41C 

TIP42 

S| see 

BC107 2p 

ip} BC107B 1 TIP42C 
BC108 i TIP47 
BC108B Tip4a 
395p | BC109 TIP49 
BC109B TIP50 
BC109C TIP110 
BC177 TIP111 


EAGT Fee Tes DILSOCKETS | ASSEMBLY 24” | „EUROCARD 
6 40p | P tow Wire fWays N 41612 
Met Me Profile Wrap Single Dole} DI 


$588 


Alarge range 
of Tantatum 
Bead 


capacitors 


} We have much 
more in stock. 
Please phone 
for detaits ar 
send s.a.¢, for 

full price list 


3355333 299 


: Precision tools, 
soldering 
irons, etc. 
Phone for 

details 


3335395 $5938 


2114-450n 90p |20 pin 


= i 
TIP127 P | ZBOACPU 44op| 27164500 o 28 pin 
TIP140 Z80AP10 340p 


TIP126 


TELETYPE ASR33 


From£195 + CAR: 


+ VAT 

Fully fledged industry standard ASR33 data ter- 

minal. Many features including: ASCI! keyboard 

and printer for data 1/0, auto data detect circuitry, 

RS232 serial interface, 110 baud, 8 bit paper tape 

punch and reader for off line data preparation and 

ridiculously cheap and reliable data storage. Sup- 

| plied in good condition and in working order 
| Options: Floor stand £12.50 + VAT 

KSR33 With 20ma loop interface £125.00 + VAT. 


Sound proof enclosure £25.00 + VAT 


Another shipment allows us to offer you 
even greater savings on this superb 2.5 MB 
(formatted) hard disk drive. Two types are 


A complete 1/0 terminal with integral 8 hole 
paper tape punch and reader, full ASCII 
keyboard, 120 column printer, and control 
unit. The printer is capable of 150 baud with a 
serial TTL or balanced input-output sold in 
good overall condition but untested. Complete 
with circuit unguaranteed. Connect direct to 
your micro at ONLY £99.00 + £11.50 carr + 


THE LOGABAX Z80. MICROPROCESSOR CONTROLLED 


POWER SUPPLY 


Once again we are very pleased to affer this super Power 
Supply Unit, and hape to satisfy most of our previous 


customers who were disappointed when we sold out due ta fi 


demand last time they were advertised!!! These units may just 
have well been made for yaur lab., they tonsist of a semi- 
enclosed chassis measuring 160mm x 120mm x 350mm 
containing alf silicon electromcs to give the following fully 
regulated and short circuit procf outputs of: 

+ 5v @ 2 amps DC + 12v @ 800 ma DC 
-12v @ 800 ma OC + 24v @ 350 ma OC 
and if that's not enough a fully floating 5v output @ 50 maDC 
which may be seresed to give a host of other voltages. Ai 
Outputs are brought out to the front panel via miniature jack 
sockets and are also dupticated at the rear on short flying 
‘leads. Units accept standard 240v mains input. They are 
ex GPO and may have minor scratches on the front panels, 
they are sold untested but in good intemal candition. 
£16.50 each + £2.50 p+p complete with circuit 
and component list. Transformer guaranteed. HURRY 
WHILE STOCKS LAST!! 


Maa Sp noon Se “OLIVETTI TE300” MPU 
ey ines Pee /OTERMINALS PRINTER/TERMINALS SXPESIMENTORS STOP PRESS 


SUPER SCOOP 


CENTRONICS 
739-2 PRINTERS. 


£299+VAT+£10 carr. 


Datasheet on request 


DISTEL © 


“Dial our Database!” 


Get information on 1000's of stock 
itemsand order via your computer. 300 
baud on 01-689 6800 

18.30 to 0900 6 days a week and all 


daySwdavs IT'S FREE! 


vs 75?) MEMORIES {Bpin 1930p Dose way : A 
2e tes 7] arrazon Hn Pun DIABLO S30 DISK DRIVES THE PRINTER SCOOP OF THE YEAR SOFTY 1 & 2 
TIP125 ip |18 pin 


EPROM BLOWER 


| Software development system invaluable too! for designers, 


LX180L MATRIX PRINTER | hobbyists, etc. Enables open heart surgery on 2716, 2708 etc. 


Pe [a0 pi 
TIP141 ZB80ACTC 340p | 2732 EAE gm 


Op} TIP142 Z80DART 475p 
TIP145 00 4116-200n 85p 


TIP146 aon 4164-200n 
TIP147 


3s 


Blows. copies, reads EPROMS or emulates EPROM/ROM/RAM 
in situ whilst displaying cantents on domestic TV receiver. Many 
other features. £115 + carr, + VAT. Optional 2716, 2716 


available both fully refurbished and 
electronically identical, the only difference 
is the convenience of changing the disk 


A massive buik purchase enables us to offer you this 
superb professional printer at a fraction‘of its recent 


25p 
55p F 4 
5p y coh $ unction Card £40 + VAT. PSU £20 + £1.50 carr. + VAT. 
p TIP2955 60p 6116-150n DCONNECTORS IC TEST CLIPS packs, f pa a iR of Softy 2 tor 2716/2732 £169-+vaT 
900 TIP3055 sop (SOLDER BUCKET) | 14 pin Feed $30 front loader, pack change via front facilities with all electronics on one plug in P.C.B. Just Write of phone for more details. 
oop ZNIE ows He hee Bop | 20pin 882p | door £550 + vat study the specification and you will instantly realise it 9” VIDEO 
Ba Cd bral 50p 15way 135p 155p sp Z4 pin soeee $30 fixed, pack change via removal of top a s ecis a T3 poaceraenta, of the mast exacting MONITORS 
6 pin rotessioni st user, 
| p 2N2218A p 250p z wy ae Hsp STP opin 1604p cover £295 + vat i p vi 
} asp : a) 


= STANDARD FUNCTIONS w Full ASCI character set x Standard 
ink ribbon x AS232/V2é serial interface —? xtal controlled baud rates up 
to 9600 xt 194 characters per line x Parallel interface % Handshakes on'serial and parallel 
ports x 4 Type fonts, italic script, double width, italic large, standard xe Internal buffer 
% Internal Si eT CPS x ae paper tractor up to 175] wide x Solid steet 
construction software in 2708 eproms easily reconfigured for custom fonts etc. 
MAI a EA A S a A a E Ar tis and more, aot refurbished but BRAND NEW At ony £925 +var - S te oe an U CTO R 
pan te > mains a ps Use) iby Mein prama OPTIONAL EXTRAS * lowercase option£ 25.00* 16k buffer£30.00 * Second tractor for <— A B z A S =a - 
and data gi tches. fit one now and cure your problems? = d simultaeous dual forms £85.00 * Floor stand £45.00 * specialist carriage £19.00 Ali ined Semis amazing value contents include transistors, digital, linear, 1.C.'s 


$ i is VAT h n triacs, diodes, bridge recs., ete. etc. All devices guaranteed brand new full spec 
poentenn Dires Soa An 9 5 on pee Fv items plu: data sheet on request. with manufacturer's markings, fully guaranteed. 50+ bag £2.95 100+ bag £5.15 


DC SYSTEM SUPPLY eset 


|4 gigantic purchase of an “across the bo range of 74 TTL sorias C.'s 
hables us to offer 100+ mixed “mostly TTL” grab bags at a price which two o° 
| Profmssional fully cased fan cooled system supply. 
Standard 240 Vac input with the followingDC outputs 


f three chins in the bag would normally cost to buy. 
Fully guaranteed at 1.C.’s full spec. 100+ £6.90 200+ £12.30 300+ £19.50 
SYG 11 amps+15-17v@ amps,-15-17v@B amps 
and +24v @ 4 amps. All outputs are fully crowbar 


FULLY CASED 
protected and the 5 voit output is fully regulated. Sold RGA ASCII CODED 


tested and in a new or little used condition comptete 


+ & — 15v PSU for 2 drives £125 + vat 


Carriage & insurance on drives £1 5.00 + vat fully 
DEC RKO5, NOVA TEXAS compatable further info on 
controllers etc on request. 


Ete vers Ex-equipment 9" Motorola Video Monitors 7592 composite 
input, tested but unguaranted. £39.99 +£7.50 carnage 
+ VAT. Complete with circuit. 


| 
| 
| 


(ORDER YOUR FAVOURITE 
e SÑ AUDIO ACCESSORIES BY MAIL 


SEND FOR YOUR FREE COP 


OF OUR 1982 CATALOG 


OVER 250 ITEMS 
INCLUDING DIRECT BOXES, MIC-SPLITTERS, 
SIGNAL PROCESSING, AUDIO MODULES, 
TRANSFORMERS & MANY OTHER ACCESSORIES 


P.&R. COMPUTER SHOP 


IBM GOLFBALL PRINTER 3982, £70 


N MX-80 80.GPs 3982 IBM I/O PRINTERS DOT 
MATRIX PRINTER WITH SPECIAL INTERFACES. 
VDUs, ASCII KEYBOARDS, ASR, KSR, TELETYPES, 
PAPERTAPE READERS, PAPERTAPE PUNCHES, 
SCOPES, TYPEWRITERS, FANS 4” 5” 6". POWER 
SUPPLIES, STORE CORES, TEST EQUIPMENT AND 


Unbelievable value the DRE 7100 & 7200 8” disk 
drives utilise the finest technology to give you 100% 
bus compatability with mastdrives available today, the 
only difference being our PRICE and the superb 
manufacturing quality. The 7100 single sided & 


IPM E NT. with circu £55.00 + arr £8.50 + vatDIM 15.5" x9" x 6) Uh Sas fee age KEYB OARDS 
PAGES WITH TECHNIGAL DATA MENG LAN aed oO. FRIDAY ki me p.m., NATIONAL MA1012 LED DAAA E E A ; IDEAL - 
aYa"xit” & USE DI 


SHUGART, BASF, SIEMENS etc compatable. YS IN 
Supplied BRAND NEW with user manual and 90 day warranty, i. TANGERINE, 


SATURDAY TILL 1 p.m. CLOCK MODULE 


) | x 12 HOUR ee h £225.00 + 9.50 carr + vat OHIO ETC, 
COME AND LOOK Aiea full technical manual ea Empo carr t vat I Straight from the U.S.A. made by the world famous R.C.A. Co. the 
OTT MILL GOLDHANGER ROAD * ALARM Data sheet on request. a ik Series af cased freestanding keyboards meet alt require- 
SESCOM, INC SALC P *50/60HZ SPECIAL new, KODE PSU. drives 2 DRE drives £39.99 + carr+ vat ments of the most exacting user, right down to the price! 
RETAIL SALES DIVISION (702)384-0993 HEYBRIDGE, ESSEX È 8" single sided. single or double density diskettes £1.80 each £15.00 for 10 inc. lib case + vat. [jp Utilising the latest in switch technology, Guaranteed in excess af 


The same module as used inmost ALARM/CLOCK [ie - 


radios today, the only difference is our price! All coo LI N G FA N S P ECIA L 


electronics are mounted on a PCB measuring only 
WY Keep your equipment cool and reliable with our range of professional fans. 


1111 Las Vegas Blvd. North (800)634-3457 
Las Vegas, NV 89101-1197 U.S.A. - twx (610)307-e006 


PHONE MALDON (0621) 57440 
WW - 044 FOR FURTHER DETAILS 


5 million operations. The keyboard has a hast of other features 
including full ASCH 128 character set, user definable keys, 
upper/lower case, rollover protection, single 5V rait, keyboard 
impervious to liquids and dust, TTL or CMOS outputs, even an 
on-board tone generator tor keypress feedback, and a 1 year full 
A.C.A. backed guarantee. 

VP601 7 bit fully coded output with delayed 

Strobe, etc, _ 

VP611 Same as VP60 with numeric pad. 

UFFIN/CENTAUR cooli ns, i VP606 Serial, RS232, 20MA and TTL output, with 

| bg ae El ooling fans, tested ex equipment 240v £6.50, 115v £5.50 + p&p eciarablaGavdinstes! 

| KOOL TRONICS Powerful snail type blower gives massive air Movement with centrifugal rotorli VP616 Same as VP606, with numeric pad, 
ELECTRONIC $ DIM asa cube 8" x8" x 6" air aperture 2.5" x 2.5" with flange fixing. BRAND NEW 110v50HA Plug and cable for VPBO1, VP611 £2.25 

COMPONENTS ac working ONL YE9 2522.51.20 pep, ; Plug for VP606, VP616 £2.10 


& EQUIPMENT = = gon 4 Post, Packing and Insurance. 
DISCOUNT. __ i ORDER NOW OR SEND FOR DETAILS. 


Due to our massive bulk purchasing programme 5v D. C . POWE R U PPL ] E S 


° 

° 

which enabies us to bring you the best possible a 
5 SELL OUT” demand for our 5v 


bargains, we have thousands of |.C.’s, Transistors, ° sai 
Relays, Cap's., P.C.B.’s, Sub-assemblies, Switches, eee oe 3 amp P.S.U. we have managed to secure a large quan- 
|’ tity of ex-computer systems P.S.U.'s with the following 


° è 
etc. etc. surplus to our requirements. Because we | 
h | spec.; 240 or 110v A.C. input. Outputs of Sv @ 3-4 


don't have sufficient stocks of any one item to 
inctude P a OA ree am. emos 7.2v @3 ampe and 6.5v @ 1 amp. The 5v and 
into the” A L P .2¥ outputs are fully regulated and adjustable with 
Thousands of components at giveaway prices! Dept. W.W. , 64-66 Melfort Rd., Thomton Heath, MAIL ORDERS variable Carrer’ limiting = the 5v soniy Unit is self 
Guaranteed to be worth at least 3 times what you Croydon, Surrey. Tel: 01-689 7702 or 01-689 6800 INFORMATIONIg contained on a P.C.B. measuring only 12” x 5” x 3”. 
pay plus we always include something from our ads. Unless otherwise stated all prices inclusive of V.A.T, Cash with order. Minimum The 7.2v output is ideal for feeding “on board” regu- 
| for unbeatable value!! Sold by weight order value £2.00 Prices and Postage quoted for UK only. Where post and lators or a further 3 amp LM323K regulator to give an 
packing not indicated please add 60p per order. Bona Fida account orders effective Sv @ 7 amp supply. 
minimum £20.00. Export and trade enquiries welcame. Orders despatched 
same day where possible. 3% surcharge on Access and Barclaycard orders, 


3” x 13” and by addition of a few switches and 5/16 
volts AC you have a multi function alarm clock at a 
fraction of cost, Other features include snooze 
timer, am pm, alarm set, power fail indicator, fash- 
ing seconds cursor, modulated alarm output etc. 
Supplied brand new with full data only 

Suitable transformer £1.75. £5.25 


WW - 097 FOR FURTHER DETAILS iS S 


THE STATE-OF-THE-ARTWORK LIGHTBOX 
DESIGNED FOR THE PROFESSIONAL DRAWING OFFICE 


Correctly sized for laying-up 2:1 eurocard PCB artwork, Full 450 
x 3idmm viewing area illuminated by four 8watt fluorescent 
tubes, 5.5mm white opal Perspex panel. Cross-flow ventilation 
ensures cool, continuously rated, operation. 

Solid mahogany frame, overall height {inc. rubber feet) 85mm. 
Price includes IEC fused chassis plug, socket and 2 metre flex. 
HORIZONTAL VERSION: £72 + VAT (£10.80) + UK POSTAGE 
£2.20) = £85. 

DUUSTABLE TILT VERSION (Max. 10deg.) £80 + VAT (£12) + 
UK post (£3) = £95. 


x ELECTRONIC ASSISTANCE LTD. 


Unit 1, Brynberth Ind. Est., Rhayader, Powy» 
Tel. (0597) 810711 


|25kis £ 4.75+pp £1.25 Skis £ 6.75+pp £1.80 Brae puppy. > 
| 10kts £11.75 + pp £2.25 20kis £1 9.99 +-pp £475 upplied complete with circuit at only £10.95 +£1.75 pp. 


j Believed working but untested, unguararteed. 
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www americanradiopistory com 


Appointments 


Advertisements 

‘accepted up 12 noon 
‘Monday, May 31, for July 
PHONE: IAN FAUX, 01-661 3033 (DIRECT LINE) 


Cheques and Postal Orders payable to IPC Business Press Ltd. 


issue, subject to space 
‘being available. i 


RF DESIGNER 


WITH INVENTIVE FLAIR AND 
A TASTE FOR RURAL LIFE 


Our clients are a small cheerful and highly motivated company who are sole manufactur- 
ers of a socially essential paramedical product. ‘ 

They are in the throes of moving to a Georgian manor house with eight acres of land, in 
rural England (with tow housing costs). 

The need is for an engineer, probably between 25 and 45, with a genuinely radical and 
inventive approach to design and a sound knowledge gained in the radio frequency 
(ideally, low power) field. 

The successful candidate will work in a small specialist team. The potential and prospects 
attached to the position are second to none. 

Apart from a competitive, negotiable salary, the company offer excellent relocation ex- 
penses to this attractive low cost housing area. Mas: 

To discuss this position or any other specialist Communications vacancies we may have, 
telephone Paul Hecquet on 044 46 47301/2/3/4 or write with a brief C.V. 


The Electronics 
Recruitment Company 


18 Station Road, Burgess Hill, West Sussex RH15.9DE 


04446 47301/2/3/4 


Communications 
Division 


DISPLAYED APPOINTMENTS VACANT: £13.50 per single col. centimetre (min. 3cm). J) 
LINE advertisements (run on); £2.50 per line, minimum 5 lines. (Prepayable. ) i 
BOX NUMBERS: £1.50 extra. (Replies should be addressed to the Box Number in the 

advertisement, c/o Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS.) } 


Electronics, Medicine 
and £12,000 p.a. Tax Free 
Where’s the Connection? 


Allied Medical group are the British consultants to the Riyadh Al-Kharj health care pro- 
gramme in Saudi Arabia. The two hospitals which comprise the programme are new, 
superbly equipped, and mainly UK staffed. - r , 
Sophisticated electronic systems and equipment feature prominently in the hospitals. The 
electronics laboratory and mechanical workshop look after all aspects of maintenance, 
repair, test and calibration. There is a wide variety of equipment and the facilities are 
excellent. 

You will need an HNC (or equivalent) or should be taking the examinations this year, and 
experience in maintenance and testing is required though not necessarily in the medical 


field. 


As well as the tax-free salary we have already quoted, these single-status 


5 contracts offer one of the best benefits packages in the Middle East. 
D if you're interested, quote Ref. RKH 426, to: Malcolm Craig, Senior Personnel 
Officer, Allied Medical Group, 18 Grosvenor Gardens, London SW1W 0DZ. 
Q Alternatively, call our 24-hour answering service on 01-730 5339, quoting the 
q reference number. 
WU be (1435) 


Allied Medical Group 


. ALLIED MEDICAL GROUP — The Best of British Health Care in the Middle East. 
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IF 
YOU 
SEEK 


a 
DESIGN 
SOFTWARE 
TEST 
PROJECT 
FIELD SERVICE 
SYSTEMS 
APPLICATIONS 
SALES 


or 
COMMISSIONING 


APPOINTMENT 


to work with 


MICROPROCESSOR 
MEDICAL 
HF/UHF/VHF 
SONAR 
MICROWAVE 
SATCOM 
MINI COMPUTER 


MAINFRAME 
PROCESS CONTROL 
SIMULATION 
IMAGE PROCESSING 
DATACOMMS 
VIDEO 
WEAPON SYSTEMS 


AUDIO 
or AUTOMATIC TEST 


EQUIPMENT 


and EARN 
£7000-£20000 


then CONTACT 
ELECTRONIC COMPUTER 


MANAGEMENT 


APPOINTMENTS 
148/150 High Street 
Barkway, Royston 
Herts 
076-384 676/7/8 


(till 8pm most evenings) 
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Appointments 


TV STUDIO 
PROJECT ENGINEERS 


Due to the continuing expansion of the Proj 
Department we are looking for Project Engineers if 
you have had experience in television broadcasting 
either as a project engineer or in the Operational 
side of broadcasting we would like to hear from 
you. 

We design and build outside broadcast vehi 
and studios for television broadcasters throi 
the world. 


SALES SUPPORT ENGINEER 
(TV COLOUR CAMERAS) 


Our Sales Support engineering activities include 
customer demonstrations, both here in Andover 
and away from base, supervising acceptance, test 
and after-sales activities. If you have worked in 
television broadcasting or have an engineering 
knowledge of modern colour television cameras 
we would like to hear from you. 


ELECGROSONIC 


We are a leading company in audio-visual, lighting 
control, and communication systems. In order to 
maintain its technological lead the company now 
seeks to strengthen its team of engineering profes- 
sionals through the appointment of a 


SENIOR ELECTRONIC DESIGN ENGINEER 


to £9,500 per annum 


To become a member of a small team res i 

for innovation and development of new hires 
cessor based products; the ideal candidate will be 
qualified to degree level and have at least 2 years’ 
design experience, although a thorough 
knowledge of digital/microprocessor hardware and. 
ae cea is Ue Ela a broad-based back- 

In analogue design w i 
eund TRE T, gn would be considered a 


Both positions involve occasional overseas travel. 
For further information please contact our Per- 
sonnel Department either in writing or by tele- 
phone on Andover (0264) 61345. 

Walworth Industrial - Estate: 


L | N K Andover, Hampshire, England Telephone: Andover (0264) 61345 ] 


EDITOR WANTED 


REQUIRED: A RADIO 
AMATEUR WHO CAN- 
COMMUNICATE 


We are looking to expand our current team of 
editors with someone who can communicate 
with today’s radio enthusiasts. This person will 
ideally be a licensed amateur and have some 
journalistic experience. 

ASP is a rapidly expanding specialist publishing 
company and this vacancy offers the opportu- 
nity to join us in a senior position. A keen in- 
terest is required as is the ability to write clearly 
and authoritatively. 

Salary is negotiable, but will reflect the seniority 
of the position. Applicants should write, enclos- 
ing full c.v., to: 


me position carries excellent employment condi- 
ons. 


(1651) | 


‘Please write or telephone for an applicati ; 
Peter Smith — Design Manager a or ee 
Electrosonic Limited gis 
815 Woolwich Road 
London, SE7 8LT 
Telephone: 01-855 1101 


THE OPEN UNIVERSITY 
FACULTIES OF TECHNOLOGY 

AND SCIENCE 

ELECTRONICS COMMON FACILITY 


ASSISTANT 
ELECTRONICS DESIGNER 


Applications are invited for an Assistant Electronics De- 
Signer, to work under the Senior Design Engineer on a 
wide variety of work in the interfaculty Electronics Com- 
mon Facility. 
The design work will involve both digital and analogue 
circuitry and will include a growing involvement in 
microprocessors and their associated software. 


R. Harris The work will appeal to someone with a keen interest in 

PECIALIST PUBLICA who shold eiready bas seme enpuer. a aues ena 

ARGUS S T PUBLICATIONS LTD oula already have some experience in working, at 
: 5 least on i i . 19r 

145 Charing Cross Road sis of AE his/her own designs or modina 

London WC2H OEE Qualifications: Minimum equivalent to TEC, C&G or ONC 


backed up by proven experience. Experience will be the 


Publishers of: Electronics Today, Hobby Electronics, Computing To- Most important factor in determining the successful ap- 


Video: Chton's Band, Video Today, so™ere, ZX Computing, Which plicant 

ideo, Citizen's Band, ay. á . ; 
The salary for this post will be on the T5 scale £5695- 
£6650 per annum. 


Application forms and further particulars are available 
from: Mrs. S. McBrearty (498/1), Faculty of Technology, 
The Open University, Walton Hall, Milton Keynes MK7 
GAA, or telephone Milton Keynes, (0908) 653941 — there 
is a 24-hour answering service on 653868. 

Closing date for applications: 


Argus Specialist Publications Ltd. 


145 Charing Cross Boon London WC2H OEE. Tel. (01) 437-1002. Telex 8811896. 


(1646) $ 
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r =| a 
NAME 


> | 
O 
m 


ADDRESS 


Engineers 


Take your career a step 
in the right direction 


Having introduced an extended new product range, many 
of which are microprocessor based, Marconi Instruments 
has once again confirmed itself as Europe’s leading 
manufacturer of test equipment and measurement 
systems. Our products are Selling throughout the world to 
all leading users in the Telecommunications and Aero- 
space industries and we are naturally developing further 
innovative designs. That is why we are now looking for 
more Design Engineers with experience in any of the 
following areas: 

RF, Microwave, Analogue, Digital, Software, ATE, 
Microprocessor Applications. 

Whatever your level of experience we would like to hear 
from you. We offer excellent salaries plus a wide range of 


QUALIFICATIONS: 


PRESENT JOB:_ 


TEL. NO. WORK_____ HOME______-_____ 


1-3 3-6 
ao o 


’ YEARS OF EXPERIENCE: 0-1 


PRESENT SALARY: £5,500 £8,000 £10,000 OVER 


to 
£8,000 £10,000 £12,000 £12,000 
o 


(m) o 
DEGREE OTHERS 
o Oi 


OVER 6 


large company benefits including relocation expenses 


where appropriate. marconi 
instruments 


g "a Ce 
i ae ASYN 


So take a positive step in the right direction and 
join us in developing tomorrow’s technology 

today. Cut the coupon and send it to 
John Prodger, Recruitment Manager, 
Marconi Instruments Limited, 


FREEPOST, St. Albans, 
Herts AL4 OBR. 

Tet: St. Albans 

(0727) 59292. 


SIEMENS 


Make better use of your 
electronics experience 


As a medical service engineer 


Siemens has always been in the forefront of medical engineering and our 
products are helping doctors in hospitals all over the world to save lives. 


But the equipment on its own is not sufficient. 


We also need men and women with sound electronics experience to 
strengthen our service team based at Sunbury. You will visit hospitals 
throughout London and the South East installing and servicing vital 
equipment to ensure optimum perfo:mance for our customers. 


Currently we require an engineer to work with electro-medical products. 


You should be able to bring ONC/HNC level qualifications and at least 3 
years’ experience, working in the hespital environment and live or be 
prepared to live within an approximate 30 mile radius of Sunbury. 

A car or car allowance will be proviced, and a full range of excellent benefits 


including non-contribut xry pension scheme, first-class sick pay, generous 
daily allowances for time spent away from your base and a competitive salary. 


Please contact Mrs. S. Betteridge, Personnel Dept, Tel. Sunbury 85691 or 
write to her for a comprehensive information package at Siemens 
Limited, Siemens House, Windmill Road, Sunbury on Thames, 
Middlesex. 


£25,000? 


SYSTEMS ENGINEER 


Command and control system with em- 
phasis on communications and interface 
equipment. £10,000+ — Surrey. 


Engineer to design power amplifiers up 
He 100 watts. MoD Contract Rates. — 
ants. 


To work on receiver for advanced radar 
system. HF (120MHz). MoD. To £10,000 
— Surrey. 


DEVELOPMENT ENGINEER 


Microwave and satellite communica- 
tions systems from base band to 6 GHz. 
To £10,000 — Essex. 


For RF and microwave communications 
equipment. £10,000+ — Bucks. 


SENIOR DEVELOPMENT 
ENGINEER 


For RF Transponder in radar project, 
controlling 2 staff. £10,000+ — Surrey. 


CLIVEDEN CONSULTANTS 


87 St. Leonard’s Roa 
Windsor, Berks. 
Windsor (07535) 57818/58022 
24-hour service (1646) 


DEN 


———_ h 


ELECTRONICS 
COMPANY 


Specialists in RF communications, 
digital and low frequency anal- 
ogue equipment, urgently require 
a design and development Engi- 
neer. Remuneration according to 
experience. £7,250 to £8,000 per 


annum. 
Ring 01-250 0894 


masami 


Inmarsat - providing a revolutionary 
global satellite communications 
service — is now live. J 
Today over 1,000 ships and 
offshore oil and gas platforms are 
equipped with Inmarsat shipboard 
terminals giving them direct access to 
our communication satellites. 
Today all the world’s oceans are 
covered whatever the weather, 
24 hours a day, 7 days a week. 
Maritime ' 
communications has 
come of age. 


T 
H 
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With an investment of US 
$300m and the participation of 37 
countries, Inmarsat has one of the 
most innovative systems yet devised. 
But we are not complacent. Not only 
are we dealing with today’s system 
but we are looking to tomorrow. In 
particular to the design, development 
and implementation of the second 
generation Inmarsat system. This is 
where you come in. 

_As an experienced Electronics 
Engineer, it will be up to you to 
provide support to the system as well 
as to develop mew capabilities and 
take us even further into the future. 

We now have a need for 
experienced technical staff to be 
based at Inmarsat’s directorate in 
London, England. 


communications. 
New frontiers. 


__ Weneed specialists experienced 
in spacecraft and launch vehicles, 
satellite payload design, digital 
communications technology, earth 
station equipment or the design of 
sophisticated shipboard electronic > 
equipment. 

Depending upon your speciality 
and ee? you will be involved 
in a full range of satellite 

communications engineering - 
particularly development of new and 
innovative communications services 
and new generations of satellites. 
You will be a graduate with 
substantial experience in your chosen 
field. You will be active, creative, and 
willing and able to develop your own 
role.and initiate your own 
responsibilities to meet demands. 

You will be fluent in English. 
Other languages would be an asset. 

The Inmarsat salary and benefits 
package is highly attractive. As a 
member of our international staff, 
your salary - starting in the range 
£12,900-£21,000-will be net of tax. 
Relocation expenses will also be . 
provided. 

_ These appointmentsare 
immediate. So for a personal history 
form apply to the Personnel Manager, 


Inmarsat, Market Towers, 1 Nine Elms 


Lane, London, SW8 SNQ, England. 


@ INMARSAT 


[Appointments 


Appointments 


SCHOOL OF ELECTRICAL AND 
ELECTRONIC ENGINEERING 


Applications are invited for the post 
o 


c £8000 p-a. Coventry 
The present level of world demand for advanced telecommunications technology holds SENIOR LABORATORY/ | i 
great potential for the future in terms of security, job satisfaction, financial reward and ` - WORKSHOP TECHNICIAN ; T 
career development. : 
Aspartofateam of Contract Engineers you willbe specifying formanufacture, avariety of ' Applicants should possess a good i vr 
transmission equipments, such as: telegraph and channel equipment, translating and deirical/elodizonig L UIM E A 
generating equipment, coaxial and optical fibre line systems, baseband, switching, ' /electronic repair or maintenance. 
| L EE and several microwave equipment types between 2GHz and Salary Grade: T2(15-18) £5064 to i . 

| Z. : . igh £5526 plus up to £108 per annum for 
Also, you willdesign interface wiring diagrams for equipment racksand repeater stations. possession of appropriate qualifica- = 
Prepare station and system schematics. Supervise design interfaces of civil works, ions. = 
including prime power equipment, buildings and microwave towers. Application forms and further de- 
Inaddition to interesting andvaried work you'llbe receiving acompetitive salary plus big- jain available fom oe Pome 
company benefits which include a generous relocation package where appropriate. fo Iger R P cesan He hs PRI RA 
You'll find all the big-city amenities in Coventry, including some outstanding sports | Tel: Preston 262037. i : 
facilities — and you'll be surprised by the wide range and low cost of housing. E ; : @ 

ef. No. NT/ . f 


; | Closing date: 28th May 1982 
Ponnnnnnnnnnnnmnnnnn amm nnn nm osing date ay 1982 
g Please complete and return this coupon — enclose details it you wish || 
To: Mr. Z. K. Flizak, GEC Telecommunications Ltd., Tick area of Fey : 
P.O. Box 53, Coventry CV3 1HJ experience Mi $ e T the industry ofthe 
Repeater station testing 3 b HM FORCES equipment maintenance E | st Century, the BBCis forging ahead 
i Transmission system commissioning GEN’R & TRANSP equipment with its programme of expansion. This 
| oe ragio l E year we are seeking 150 young, enthusiastic 
m | Engineers both in London and throughout 
Name 8 Address...s.ssssssssccsssessssssseconssessessuessnsoncsnsnsuenersnnsnecessnenentenasentonssosssncneanyseerenunaganansuanecorsvnssteges | the United Kingdom to work in the 
a EXPOri@Mce r E | pie a of hae 
E Present Post & Duties... . Present Salary. sani honek ai aih ai: (1633) e ability to handle new technology 


long before it appears in other industries, 
a thorough understanding of traditional 
electronics and the motivation to have 
found out about Broadcasting technology, 
together with the right personality are just 
some of the qualities we are seeking. 


APPOINTMENTS 


Telecommunications 


ELECTRONICS i Many iays _ 
to £15,000 ready accepte 
P H 0 N E YO R MICROPROCESSORS the challenge and hile To: The 
U COMPUTERS - MEDICAL 3 joined us,butthere / Engineering 
DATA COMMS - RADIO ` | are vacancies in jj Recruitment \ 
Design, test, field and the Television / Officer, \ 


Service, London 

for those men 

and women 

| with the right 
qualities. If you 
are qualified, 
or soon to be 
qualified, with a Degree in Electrical and 

| Electronic Engineering, Applied Physics 
or equivalent and have both normal 
hearing and colour vision why not fill in 


support engineers — for 
immediate action on 
salary and career ad- 
vancement, piease 
contact. 


| | BBC, Broadcasting 
| House, London \ 
WIA 1AA. Reference | 
| No. 82.E.4029/WW. 


CLASSIFIEDS TO IAN FAUX 


ON 
01-661 3033 


Technomark, 


Engineering and Technical Recruitment 
11, Westbourne Grove 
London W2.01-229 9239 (1296) 


| 
il Address: | 
| 


| BE 


| elyon -S | 


SCOTTISH OFFICE ; CAPITAL HOUSE the coupon for further details,quoti Qualification/Dat 
area ae CAPITAL fee. eepee minber SSE 029, WW \ banal | 
WIRELESS TECHNICIANS LONDON W1P 1H Starting salary in the Television \ / 


APPOINTMENTS LTD. TEL: 01-637 5551 
THE UK’s No. 1 ELECTRONICS AGENCY 


Design, Development and Test to £14,000 
Ask for Brian Cornwell 


| Service, London is in the range £7314 to 
£7892 plus shift working allowance of 
| between £800 and £1000pa. 
We are an equal opportunitie 


{£5,300-£7,060) 
Applications are invited for at least 3 posts of Wireless Technician in the 
Central Services Department of the Scottish Office. The posts are ex- 
pected to be based in Edinburgh, East Kilbridge and Montreathmont 
(near Forfar). Candidates must hold an Ordinary National Certificate in 
Electronic or Electrical Engineering or a City and Guilds of London Insti- 
tute-Certificate in an appropriate subject or a qualification of a higher or 
equivalent standard and have 3 years’ appropriate experience. Some 
assistance may be given with re-location expenses. 
A valid UK driving licence and ability to drive private and commercial 
vehicles are essential. 
Application forms and further information are obtainable from Scottish 
Officer Personnel Division, Room 110, 16 Waterloo Place, Edinburgh EH1 
3DN (quote ref PM(PTS) 2/2/82 (031-556 8400 Ext. 4317 or 5028). 
Closing date for receipt of completed application forms is 14 May, 1982. 
(1623) 


poa 


PA 


Wee 


| TELEVISION ENGINEERS 


SALES to £15,000 plus car 
Ask for Maurice Wayne 


FIELD SERVICE to £12,000 plus car 
Ask for Paul Wallis 


We have vacancies in ALL AREAS of the U.K. 
Ask for a Free Jobs List 


Telephone: 01-637 5551 (3 lines) 
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Appointments 


KF >> 


tS 
OTC 


BAF TECHNICAL STAFF 


Would you like an opportunity to live in Australia and pursue a career in Telecommunications? 
The Overseas Telecommunications Commission (Australia) which links Australia with the rest of the world by communications satellites, submarine cables 
and radio has vacancies for Technicians and Technical Officers. : 
The successful applicants will be involved in one of the following areas in the operation and maintenance of the Commission's: 
- processor controlled switching and transmission dquipment in the Sydney Metropolitan area 
_ international satellite communication facilities at Carnarvon - Western Australia, Ceduna - South Australia and Moree — New South Wales. 
L submarine cable and HF radio facilities at Commission stations situated on the Australian Coast and Guam. 
P REMUNERATION: 

$A14805-16080 p.a. 

$A14805-17759 p.a. 

$A18180-19086 p.a. 


$A19597-20517 p.a. 


gineers 


Shell 


Technician 

Technical Officer Grade 1 
Technical Officer Grade 2 
Senior Technical Officer Grade 1 


QUALIFICATIONS: h 
Successful completion of Part 3 - full Technological Certificate 
institute. F A 4 
The Higher National Certificate in electrical or Electronic Engineering and registration as a Technician Engineer with the U.K. Engineer Registration Board. . 
Ora recognised equivalent of the above. 

For Technicians: 4 years of experience including time in training. 

For Technical! Officer: 6 years of experience including time in training. 


of the Telecommunications Technician’s Course conducted by the City & Guilds of London 


join a telecomms team responsible for 
d specifications for Public Address, 


Narrow and Broad Band Radio, Tropospheric Scatter, 


upervisory and Multiplex Systems and Data Communications. Involvement will be for 


General: 
OTC offers excellent working conditions. At most locations staff work rostered shifts with a 9-day fortnight and attractive shift penalties are applicable. 
Good opportunities exist for advancement to higher positions. Successful applicants must be prepared to serve at any of the Commission’s stations wi thin 
Australia if and when required. The Commission will reimburse removal expenses between stations. _ p 

Applications should set out details of position/s applied ror, present position, qualifications and experience. Applications should be addressed to: 


The Director, Personnel and Administration Branch, 
Overseas Telecommunications Commission (Australia), 
G.P.O. Box 7000, SYDNEY. N.S.W. 2001. 


Applicants will be supplied with.an information leaflet giving full details of the positions and conditions of employment. 
OTC Representatives will be conducting interviews in the United Kingdom. 


"telecomms experience including 3 
ign. Self motivation and good written and 
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CROWDED 
AIRWAVES 


1 Altens Farm Road, Nigg, Aberdeen AB9 2HY. 


(UEPA/113), Shell U.K. Exploration & Production, 


1624  C727E 


The magnitude of our offshore operation and the huge general increase in voice 
Recruitment and Development Officer, 


and data traffic over the North Sea creates tremendous demands on the en 
who create and develop our advanced communications system. 


. We need additional problem solvers to 
analysing and preparing detailed designs an 
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TELEVISION 
SERVICE 
ENGINEER 


We are an expanding Television 
Rental and Retail company with a 
vacancy for an additional Televi- 
sion Service Engineer. 


Suitable applicant will pre- 
ferably hold an R.T.E.B. certificate § 
or be training towards this qualifi- 
cation. 


The post is directly responsible 


Shell offer attractive salaries and comprehensive benefits which will 


include relocation assistance where appropriate. 
Please write with details of experience and qualifications to: 


you must have at least 5 years 
spoken expression will be essential. 


in Broad Band Systems desi 


Electronic Engineers- 


What you want, where you want! 


TJB Electrotechnical Personnel Services is a specialised appointments 
service for electrical and electronic engineers. We have clients throughout 


the UK who urgently need technical staff at all levels from Junior Technician 
to Senior Management. Vacancies exist in all branches of electronics and 
allied disciplines - right through from design to marketing - at salary 
levels from around £4000 to £12000 p.a. 

If you wish to make the most of your qualifications and experience and 
move another rung or two up the ladder we will be pleased to help you. 
All applications are treated in strict confidence and there is no danger of 
your present employer (or other companies you specify) being made aware 
of your application. 


Please send me a TJB Appointments Registration form: 


TJB ELECTROTECHNICAL 
PERSONNEL SERVICES, 
12 Mount Ephraim, 
Tunbridge Wells, 

Kent. TN4 8AS. Cn Ceres E O E E mcs Cie 


Tel: 0892 30388 


120 


to the Service Manager. 


i clean driving licence is essen- 
tial. 

A spacious flat is available if re- 
quired. 
Hydes of Chertsey Ltd., 56/60 


Guildford Street, Chertsey, Sur- 
rey. KT16 SBE. Chertsey 63243. 


DIGITAL EXPERIENCE? 
FIELD SUPPORT 
R&D AND SALES 
VACANCIES IN COMPUTERS 
NG, COMMS., MEDICAL 
VIDEO, ETC. 


For free registration ring 
0453 883264 
01-290 0267 


LOGEX 


ELECTRONICS RECRUITMENT SERVICE 
LOGEX HOUSE, BURLEIGH, STROUD - 
GLOUCESTERSHIRE GLS 2PW 
TEL. 0453 883264, 01-290 0267 ~ 


—_ 
© 
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Engineers & 


[Appointments] 


Hardware and Software 
Development 


Powerful and 
advanced - 
computer based 
work stations 


Manchester 


Salaries 
negotiable 


Working right at the forefront of 
technology in this field, our 
Advanced Development Centre 
offers a number of challenging 
projects for creative, innovative 
engineers. Projects which are free 
from immediate product line 
constraints, but which are firmly 
intended to pave the way for future 
products with a wide range of non 
military applications. 

There are a number of 
opportunities within the Centre. In 
particular the Graphic Systems Unit 
needs adaptable engineers, able to 
explore novel image and graphic 
systems and who can carry high 
speed logic and circuit design f 
el to experimental prototype, 
construction and demonstration. 

The positions call for an 
exceptional blend of high-level 
hardware skills with the ability to 
handle low-level software design, 
dedicated to single users. 

Ideal candidates will currently 
be working on graphic systems and 
have 2 or 3 years experience in 
detailed design, including 
Analogue Circuitry. They should 
have new ideas and perhaps an 
MSc or Ph.D. ; 

Above all, they will be practical 
and able to exploit fully the 
extensive facilities available in the 
Development Centre, with its links 
to Universities in this field. 

Salaries are negotiable, _ 
depending on age and experience 
and working conditions within this 
recently expanded location are first 

rate. 


Engineers 


Working in Manchester will _ 
give you the opportunity of living in 
close proximity to fine countryside, 
to the north or south of the city, 
where housing is reasonably 

riced. Greater Manchester itself 
Bas a superb communcations net 
work of motorways, bringing the 
rest of the country within easy 
reach, and offers a superb range of 
social and cultural amenities. 

Career prospects are good 
throughout this international _ 
organisation which is now facing 
the future with confidence. 


For details of these opportunities, 
contact Chris Burton or John Pratt 
on 061-223 1301 Ext. 2474, or 
write with career details to Peter 
Forbes at ICL, Wenlock Way, West 
Gorton, Manchester M12 5DR. 
quoting Ref: WW 2117. 

We also have similar a 
opportunities available at our site in 
Kidsgrove, which is located on the 
Staffordshire/Cheshire border. 


International 
Computers 


At HM Government Communications Centre, 
we’re applying the very latest ideas on electronics and 
other technologies to the problems of sophisticated 
communications systems, designed to enable and protect 
the flow of essential information. 
The work is of the highest technical challenge, 

offering full and worthwhile careers to men and women of 
high ability, on projects covering the following areas of 
interest: — 3 


Systems Assembly/ 
Test Engineer 


therefore demands a high degree of responsibility. 


and F.D.M. field. 
Company. 


(preferably CV) to the following address: 
Mrs. L. M. Tabb 

Granger Associates Limited 
1 Brooklands Road 
Weybridge 
Surrey KT13 0SD 


Ltd. 


Solutions for Telecommunications 


Granger Associates is a leader in the Communications 
Equipment Industry manufacturing and marketing a 
wide range of sophisticated UHF Radio, Multiplex and 
SCADA products. Continuing expansion has created a 
vacancy for a Systems Assembly/ 
Test Engineer. The position will require final assembly 
and system test of Radio/Multiplex terminals and 


The successful candidate must be self-motivated 
and have at least two years’ experience in the UHF 


Salary will be in the region of £8,000 + per annum 
with excellent prospects for advancement within the 


Please write in the first instance with full particulars 


Scientists 


RADIO - from HF to microwave, including 
advanced modulation systems, propagation 


Communications R& D... 


£8,589 


studies, applications of Microcircuitry. 


ACOUSTICS 
MAGNETICS 


SIGNAL ANALYSIS 
SYSTEMS ENGINEERING 
Applicants, under 30 years of age, should have a 
good honours degree or equivalent qualification in a 

_ relevant subject, but candidates about to graduate may 
also apply. 

Appointments are as Higher Scientific Officer 

(£6,530-£8,589) or Scientific Officer (£5,176-£6,964) 
according to qualifications and experience. Promotion 
prospects. 


...the leading edge 
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For an application form, please write to the 
Recruitment Officer (Dept. WW 6), HM Government 
Communications Centre, Hanslope Park, 
Milton Keynes, MK19 7BH. 
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www americanr. 


DESIGN & MANUFACTURING 
ENGINEERS 


NORWAY 


An outstanding opportunity has arisen for engineers, educated to degree level, to 
play an active role in the design, development and production of high technology 


electronic components and related custom designed products. 


The product ran e includes thick and thin film hybrid circuits, monolithic integrated 
circuits (CMOS, Í ipolar Linear and IIL), transducers, opto-electronic components, and 
hf/vhf communications systems. Vacancies exist in component, circuit and system 
design areas and for production technologists to be responsible for the introduction 


and on-going development of sophisticated manufacturing processes, 


Working conditions and salary levels are excellent and the generous relocation pack- 


ape would include return airfares to the UK during the first year of employment. 


e factory is situated in an attractive coastal location close to Oslo and has facilities 
for a wide range of outdoor activities, including water sports, skiing, camping, etc. 


Osio itself being a major leisure/cultural centre. 


` Telephone NOW for a detailed information package. 
01-637 5551, or 01-636 9659 (24-hr. service). Or write to: = 
CAPITAL APPOINTMENTS LTD., 29-30 Windmill Street, London W1P tH 


(1642) 


SALARY RISES DISAPPOINTING? 


Our client Companies tend to be more realistic! 


AMBITIOUS CIRCUIT DESIGNER 


it fo new generation gi gata recording and display products based on 
jotorola, family of mpu. Technological and product snobbi j 
To £15,000. South Coast. p 3 p eoeta. 


CONSULTANT PROGRAMMERS 


For SW house with contracts in real-time process control. Experience must 


-include one or more of Nova, PDP11, X16, 8080, 8086, Z80. To £16,000. 
London and Manchester. 


HW & SW ENGINEERS 


For TV and video products including digital standards convertors and real- 
time picture manipulators. Products based on PDP11 and several bit-micros. 
Assembler Pascal & Fortran. C.£10,500. Berks. 


YOUNG DESIGN/DEVELOPMENT ENGINEERS 


For communications network control systems based on C.A. mini and 80! 
mpus. C.£7,000. Beds. =" = 


Whatever your experience, please send your c.v. to: 


Charles Airey Associates 


Tempo House, 15 Falcon Road, Battersea 
London SW11 2PJ 
Tel: 01-223 7662 or 228 6294 


WIRELESS WORLD JUNE 1982 


inhistory com 


[Appointments] 
Electronic 
Engineering 


Dolby Laboratories, the world famous audio noise 
reduction company, was founded by an engineer. We are 
a company that believes in engineers and engineering. 
Small enough for you to make a contribution, we have the 
minimum bureaucracy, are well established, and have a 
track record of innovation and quality. 


Assistant Production Manager 
(Male or female) 


A newly created position to support the implementation of 
computer based production control (IBM 34). 


Electronics Engineer 
For the extension of ATE (Racal) testing. 


Production Engineers & Technicians 
Expansion of a well established department to support 
new products. 


Test Engineers 
To join our well supported test group and fault find, when 
all else fails! 


Q A Engineer & Technician 

Opportunities to join our newly established QA group. 
Applicants for the senior positions need to be 
experienced graduates. 

Excellent salary and benefits package. 

Contact Steve Matta, by phone or in writing, at: 


Dolby Laboratories Inc., 
346 Clapham Road, 


Lone pa D olby 


ELECTRONICS 
ENGINEER 


-CALIBRATION 


An opportunity exists in a small but thriving Not- 
tingham-based company for a senior engineer to 
upgrade the company’s calibration laboratory to 
BCS standards. Suitable applicants will therefore 


have knowledge of, and experience, with BCS 
procedures. 


Prospects are excellent as the company is expand- 
ing rapidly and this position would suit a, person 
wishing to develop his or her potential. 


Apply for full details, enclosing your CV, to: 


DMR LTD. 
Unit 19, Salisbury Square 
likestone Road — 
Nottingham NG7 2AB 


(1630) 
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Appointments 


ENJOY BEING SUCCESSFUL 
WITH QUANTEL 


Quantel Limited has achieved a worldwide reputation 
as the foremost Company in Digital Video products for 
the Broadcaster. Due to our continual growth we now 
require further engineers to join our team in Newbury, 
Berkshire. $ 


TEST ENGINEERS 


We are looking for Test Engineers to be responsible 
for checking through and commissioning a wide 
range of advanced electronic assemblies. The ability 
to develop test procedures and additional test rigs is 
an advantage. Candidates should be qualified to at 
least HNC standard but candidates studying for a TEC 


_ qualification will be considered. 


JUNIOR SERVICE ENGINEER 


We require a young person with previous test or ser- 
vice experience to assist in servicing complex video 
and computer-based equipment to component level. 
A qualification at TEC level is useful but not essential, 
as one or two years’ relevant experience is more im- 
portant. 


_ If you are interested in joining our team, please tele- 


phone or write for an application form to: 


‘The Group Personnel Officer, Quantel Limited, 17-20 
West Mills, Newbury, Berkshire. Tel: Newbury (0635) 
48222, Ext. 308. 
j (1639) 


QUANTEL & & 


EAST SUSSEX COUNTY COUNCIL 
SOCIAL SERVICES DEPARTMENT 


TECHNICAL 


PRODUCTION ASSISTANT 


BRIGHTON £8,190-£9,528 


A newly created post in the Training/Develop- 
ment Section. ; l 

Part of the Section’s work includes the produc- 
tion of audio/ visual training materials on 
subjects as diverse as child care practice, under- 
standing mental illness, health and safety at 
work, the care of the mentally and physically 
handicapped, management techniques, etc. All 
these productions are designed specifically to 
complement ongoing training programmes for 
Social Services staff. 

The Engineer will be part of a small team — and 
a high degree of commitment and energy is as 
essential as technical competence. 

Tasks will include: i) the maintenance of near 
broadcast quality ENG video camera and re- 
corder, editing suite and portapaks, as well as a 
pool of audio-visual equipment; ii) the operation 


of video and audio equipment as part of a small ~ 


production team producing high quality video 
and tape-slide programmes. _ a 
Qualifications: Degree in engineering subject; 


Experience in broadcasting and education, both . 


in an engineering and production capacity; Ope- 
rational pR on VPR-1 machines would 
be an advantage. i 
Informal ona E: Yvette Vanson, Brighton 
606622 ext. 253. Please quote post No. 7060D. 
Application forms immediately from Personnel 
Section, Social Services Department 

East Sussex County Council 

County Hall, St. Anne’s Crescent 

Lewes, Sussex BN7 1SG 

Closing date for applications June 11, 1982. 


FIELD SERVICE 
ENGINEERS 


CIVIL AVIATION COLLEGE 
(GULF STATES) 


requires 


INSTRUCTORS — AVIATION ELECTRONICS 


Qualified and experienced in installation 
and maintenance of modern aviation radio 
systems, extensive instructional exper- 
tence at Technician Level Courses. ‘ 


Salary and allowances up Dollars 3,400 per 
month. 


Please enquire for details: 


Civil Aviation College (Gulf States) 
PO Box 4050 
Doha Qatar 


Attention: Principal — Mr. Jassim Al Nusf 


(1436) 


SITUATIONS VACANT 


Classified 


E E m Mm e D 
Technicians in | 
Communications = 


GCHQ We are the Government Communications 
Headquarters, based at Cheltenham. Our interest 
is R & Din all types of modern radio 
communications — HF to satellite — and their 
security. À 


THE JOB All aspects of technician support to an 
unparalleled range of communications 


equipment, much of it at the forefront of current W 
technology. 


LOCATION Sites at Cheltenham in the very a 
attractive Cotswolds and elsewhere in the UK; 
Opportunities for service abroad. 

PAY Competitive rates, reviewed regularly. O 
Relevant experience may count towards 

increased starting pay. Promotion prospects. a 
TRAINING We encourage you to acquire new 

skills and experience. 


NATO HEADQUARTERS ALLIED FORCES 
CENTRAL EUROPE 


6440 AG Brunssum 
The Netherlands 


Applications are invited from qualified candidates for the 
permanent civilian posts of: 


One FIELD SERVICE TECHNICIAN 


; (NATO Grade B-5) 
in a travelling team maintaining an international microwave 


telecommunications system. Home base near Aachen, Ger- 
many. 


One PRINCIPAL TECHNICIAN 


Grade B-5) — 
Computer-aided Message Processing Systems 
duty station Birkenfeld. 


Competitive international salaries/allowances and pension 
scheme. 


Candidates should apply with short curriculum vitae, not later 
than 14 days after the publication of this advertisement, to 


Post Box 270 


QUALIFICATIONS You should have a TEC a 
Certificate in Telecommunications, or 
acceptable equivalent, plus practical experience. a 
HOW TO APPLY For full details on this and s 
information on our special scheme for those 

lacking practical experience, write now to 
Recruitment Office B 


GCHQ, Oakley, Priors Road, Cheltenham 
Glos. GL52 5AJ 

or ring 

0242 21491 f kaa 


` ext 2269 ia | 
(1530) i > 


TRINITY HOUSE LIGHTHOUSE SERVICE, LONDON 
ELECTRICAL ENGINEER 


GRADE PTO It SALARY £8,607-£9,784 p.a. 
Applicants must have had a sound training in radio and light current work 


associated with UHF, VHF and MF communications, remote monitoring 
and control systems. Experience in detailed planning, preparation of 


m 
ae 


1 


C£7,000 plus car, expanding 
dynamic group, computer 
peripherals. Various UK op- 
portunities HNC (or ex-ser- 
vice) standard product] 
training given. s 

For further information please 


sij A procurement specifications and drawings, manufacturers acceptance 
Civilian Personnel Officer, HQ AFCENT. testing, field trials and commissioning is aeaentall 3 
Some knowledge of landline signalling techniques, simple computer 
programming and micro-technology would be an advantage. 

kossgsslon of a degree in electronics/radio engineering or equivalent is 
required. 


Generous leave allowance, pension scheme and flexible working hours. 


Development Draughtsman 
£7,000-£8,500 


it i i lievable rate of 
Since MMS first took root, we have achieved an almost unbe i 
growth. Having quadrupled our turnover over the past four years we re now well 
placed to double it again over the next few. A member of the worldwide Mars 
Group, we are, in fact, one of Europe's fastest growing electronics companies 


(1631) 


HAMMERSMITH AND FULHAM UNIVERSITY COLLEGE CARDIFF 


Apply to The Establishment Officer, Trinity House Lighthouse Service, 

hich are both ad din design B49 4436 CHARING CROSS HOSPITAL DEA el adie oe Tower Hill, London EC3N 4DH or telephone 01-480 6601 Ext. 289. A 
with a range of highly sophisticated products which are both aavance 03843- i MED ; ee 2 
and innovative in application. : Jonathon Lee Technical Tera acs j EXPERIMENTAL = — 
With the recent setting up of a brand new company to develop, manufacture and Recruitment OFFICER OR SENIOR ARTICLES FOR SALE 
market specialist marine equipment, we have an immediate need for an 62 Hagley Road Salary scale: £8968-£10319 per annum inci. EXPERIMENTAL = = = 
additional man or woman to join us. ; ; Stourbridge An electronics technicien with considerable PRE-PACKED screws, nuts, washers, solder 
For this position we're looking for someone in their early 20s, with a good (1419) 


design background in an electro-mechanical environment, and preferably a 


re 
R & D OPPORTUNITIES, Senior level vacan- 


experience of maintenance of Electronic and 


OFFICER 


Bio-medical equipment is required to supervise 


tags, studding. Send for price list. Al Sales | 
(WW), PO Box 402, London SW6 6LU. (1253 


[ : the day-to-day work of nine technicians en- (ELECTRONIC 
qualification or a keen interest in electronics as a hobby, perhaps in amateur Fe OT ven E kvare add Soames gaged in the repair, calibration and safety INSTRUMENTATION) | 
radio. City and Guilds or HNC qualifications combined with two years Engineers, based in West Sussex. ‘Competitive checking of a wide range of medical and PRINTED CIRCUITS. Make your own simply; 
hanical design experience is called for and a knowledge of fully automated salaries offered. Please ring David Bird at Redif- laboratory equipment. Applications are invited for the || || cheaply and quickly. Golden Fotolak Light Sensi- | 
moc eens ‘9 p fusion Radio Systems on 01-874 7281. Applicants should have previous experience of above post — design experience tive Laquer ~ now greatly improved and very | <i 
production methods would be an advantage. Pe personnel supervision and an extensive fn d sig i per n || | much faster. Aerosol cans with full instructions, mee, 
It’s an exciting and challenging time and if you have it in you to develop your 7 knowledge of the electrical safety aspects of essential, degree in electronics an } | £235. Developer 35p. Ferric Chloride 55p. Clear | o o 
experience and make a really positive contribution to our growth, the future is meacaleauinmant OR Gr TA £6070 E1075 pat or | | Scrat sect for masier 14p. Copper ci TR . 5g 
l df BOX NOs. ga heist bor thodevaleomnent of r ,070-£10,575 p.a, or f | glass Board approx. Imm thick £1.75 sq. ft, Post A 
bright for you, and for us. Te À ibut "A Kouldabe Sa oa clinshimentation\andial krcwledaelct OR Gr. Il £10,160-£12,860 p.a. — Packing 60p. White House Electronics, Castle ee 
We are offering an attractive range of benefits including non-contributory Box number replies shoulc t e a a a a duties to commence as soon as } | Drive, Praa Sands, Penzance, Cornwall. (714 | l 
ion scheme and Christmas bonus. addressed to: successful candidate will be expacted to pert | possible. | Perforated Metals — Screens, Plastics, 
pension sc 
Bonomi... cipate in the activities of the medical electron- Applications (two copies), to- Wire Meshes, Sifting Media, Cable Tray, 


If you're looking for career 
growth, contact Nigel Purse, 


c/o Wireless Wor'd 
Quadrant House 


ics section of the Department of Medical Phy- 
sics. 


Ideally, the successful candidate will have án 
HNC or HND in Electronic Engineering. 


i gether with the names and 
į addresses of two referees, should 
| be forwarded to the Vice-Principal 
f (Administration) and Registrar, 


WORKBENCHES, secondhand. Ex-ITT TV 
factory. 
rai a2 abe Bed 


Gratings, direct from Manufacturer's 
Stock, We can cutto size. 


We specialise in one-offs or large quanti- 
i (1608) f tieso oyp sga 


or cubicle style. Need space. De- 


Personnel Officer, MMS, 226 Bath The Quadrant For an application form and job desctiption, University College, P.O. Box 78, f GRAEPEL PERFORATORS 
Road, Slough, Berks. SL1 4DE. Tel Sutton ame ae Mn g a Disma Ea | Cardiff CF1 1XL, from ‘whom f ADVANCE ee Type 250A dual TD 

r , 2 ii e +, A j a i 2 PELi j 
Slough 70921. Surrey SM2 5AS Fulham Palace Road, London, W6. Telephone: further particulars may be ob Tise ia Se E 
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01-748 2040 axt. 2992. 1622) 
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tained. Closing date: 10th July. 
Ref. 2399. (1658) f 


1186 £3.75. Mainstrans 170v + 6.3v £2.25 db 
meters 400 va £1.25. Teleradio, 325 Fore Street, 
London N9 OPE. (1625 


Í Unit 1-8, Charles Street, Dept. WS, Wal- 
sall, Staffs WS2 9LZ. Tel. 0922 
A 611644/611414, Telex 335291. 
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Classified 


ARTICLES WANTED CAPACITY AVAILABLE 


- TOE gs a yc SERVICES 
WAN ap as \ | TW ELECTRONICS LTD. | 
QUARTZ CRYSTALS TED! THE PCB ASSEMBLERS marame CIRCOREC 
all types of d Mors and more companies are -investi- ELECTRONIC SERVICE 
@ HIGH STABILITY GOLD ELECTRODES REDUNDANT Joga He Sayantages ofi vsing'al profes; ees Desig pee Assembly, Test & Repair Service, Q.A. Consultancy, 
ing requires certain assur; : A : ; 
ELECTRONIC @ COLD WELD UNITS ELECTRONIC & shy be spa ney oe oe Quality workmanship by professionals at economic prices. 
DEVELOPMENT @ GUARANTEED 7-DAY a Sam PUTER | quality. compcgtive pricing, firm de. | Please telephone 01-767 1233 for advice or further details. 
AL ATERIALS i } ; se co-operation with the £ 1 FRANCISCAN ROAD 
SERVICE AVAILABLE mh 5 customer. $ TOOTING, LONDON SW17 
| ) Mi i 
ENGINEER @ ANY FREQUENCY pee a Pe content H| | beore tow soldering ane temapestes | | ` (4391) 
4MHz-70MHz ISTORS IÑ Every eens eo, F ie ganno, 
OSCILLATORS TTL & PRINTED | issued with a signed certificate of | Micro Proc z 
Audix Limited manufacture a wide range of profes- COMPATIBLE DIP PACKAGE CIRCUIT BOARDS conformity and quality — our final es TO essor Design 
sional audio equipment used in radio and television TO COMPLETE j For further details, contact us at our new | team of experts offer the complete service from 
studios and public address Le ies vuoria, ve COMPUTERS | works: -S Design to Manufacture | 
wish to expand our design and development section h Blenheim Industrial Park @ Artwork @ i 
by recruiting a young engineer, preferably with two or MCKNIGHT CRYSTAL CO. LTD. THECOMMERCIAL ] Sat a lee oe 
three years’ practical experience. Ideally, we require a HYTHE (0703) 848961 HARDLEY INDUSTRIAL ESTATE REFINING Co. Ltd. control SYSCEMS For more information contact: Miero Contra, 1 Cherrywood Drive, Aspley, 


graduate with some audio engineering knowledge, Notta. NG8 3NN. Telephone 0602 208281 (24 hour service). 


ħaving experience in analogue and digital circuit de- 
sign and some familiarity with micro-processor appli- 


(1597) 


171 FARRINGDON ROAD 
LONDON EC1R 3AL 
Tel: 01-837 1475 


LEE Usog cRYsti.g "THE, SOUTHAMPTON. $04 6ZY 


(1407) to sample or drawings. McDeane Electricals Ltd, =- en 


WS. Tel: 0ł}-992 8976: a7t69 


FACILITIES AVAILABLE 


cations. 
For further information please write or tele hone: Mr. 
J. S. Miller at Audix Limited, Station Road, Wenden, 


RACAL COMMUNICATIONS 
RECEIVERS 


Cables: COMSMELT, EC1 
Works: FLECKNEY, Nr. LEICESTER = 
i ` (205) 


ELECTRONIC DESIGN SERVICE. Immedi- 
ate capacity available for circuit design and de- 
velopment work, PC artwork, etc. Small -batch 
and prototype production welcome. — E.P.D.S. 
Ltd., 1A Eva Road, Gillingham, Kent. Tel: Med- 


a= Dayville Services 
Limited 


A complete P.C.B. service offered. We | 


* Circuit Design & Development 
Digital and Analogue 
Artwork Layout ` 


Free prototype bd. (non PTH) 
Supplied with orders over £100. 


MARCONI 8686 Universal Bridge 1% 1KHz & 10KHz £100 
WAYNE KERR 8901/S281/R261 Admittance Bridge 50- 
250M11... 

MARCONI 

512MHz... 

GAUMONT KALEE Flutter Meta! 

MARCONI TF.893 Power Meter. 

MARCON TF.2600 Sens. Valve Voltmeter 


500 Kc/s — 30Mc/s 1Mhz wide. RA17L — £175. 
RA117E — £225. A few sets available as new at 
£75 extra. All receivers are air tested and cali- 
brated in our workshop, supptied with full 
manual, dust cover, in fair used condition. New 
black metal louvred cases for above sets 

each. RA980 — ISB — SSB — £75. RA218 — 
SSB — ISB and fine tune for RAI17 — £50. 
TRANSMITTER ORIVE UNIT RA79. 1.5mc/s — 
30mc/s — SSB — ISB — OSB — FSM — CW — 
£150. AERIAL TUNING UNIT and protection unit 
MA197B — £25 to £50. DECADE FREQUENCY 


will work from your circuit diagram and f 
produce the finished board. a 


Any type of board manufactured includ- 
ing double-sided and P.T.H. Legend and 
solder resist available if required. 
Our rates are very competitive and we 
offer á FREE collection and delivery ser- 
vice on orders above £200. Turnaround 
can be as little as three days.. j 
Telephone Colchester (0206) 
-71000/869514 with your P.C.B. require- 
ments and we will be happy to oblige. 


Saffron Walden, Essex. Tel. 0799 40888. 


iway (0634) 577854. (9667 
PCB ASSEMBLY/WIRING from drawings/ 
sample. Fast turnaround. J. Forsyth. Tel: (0604) 
65011. 1517) 


K Board Manufacture 
Prototype to semi-production. 
A Wina & Asean bly 

assembly, wirin: ing. > 
REHA bly, wiring and cable forming 
Full test facilities available. 
Copper Clad Board 
D/S fibreglass 1000 Sq inches of assorted 
useful sizas. £6.00 inc. post. 


ARTICLES FOR SALE 
- TO MANUFACTURERS, WHOLESALERS 
BULK BUYERS, ETC. 
LARGE QUANTITIES OF RADIO. TV AND | 


WANTED 


SERVICES 


BOARDRAVEN LTD. 


One or all services avail- 
fable, no order too small, 
Please telephone Chelms- 
ford 357935 or write to 


-Test equipment, receivers. valves, transmit- 
ters, Components, cable and electronic f 
scrap, any quantity. Prompt service and 


ELECTRONIC COMPONENTS FOR DISPOSAL 


SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS, 
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc. 
CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC CERA- 
MICS, PLATE CERAMICS, etc. 
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, 
CABLES, SCREENED WIRE, PERA NUTS, CHOKES, TRANSFOR- 
, etc. 
ALL AT KNOCKOUT PRICES — Come and pay usa visit ALADDIN’S CAVE 


TELEPHONE: 445 0749/445 2713 


BROADFIELDS & MAYCO DISPOSALS 
21 Lodge Lane, North Finchtey, London, N.12 


{5 minutes from Tally Ho Comar} {1613) 


EQUIPMENT FOR coils, transformers, compo- 
nents, degassing silicone rybber, resin, epoxy. 
Lost wax casting for brass, bronze, silver, etc. 


INVERTERS 
High quality DC-AC; Also “no : 


a 3 
19” rack. Auto Charger. velopment. Barratts, Mayo Pad, Croydon CRO 


2QP. 01-684 9917. 


VERSAL BRIDGES. Two brapa in good 
. working order, ex-Water Authority ydrologger. 
| For sale by tender. For ins] on Tel. Waltham 
Cross 23611 ext. 273. Tenders to be received by 
Wednesday, June 2nd in sealed envelope marked 
“Tender for Autobalance Bridges”. 

Water, Scientific Services, Aspen House, The 
Grange, Crossbrook Street, Waltham Cross, 
| Herts. > (1620 


ph R j 
COMPUTER POWER SYSTEMS 
Interport Mains-Store Ltd. 


POB 51, London W11 3BZ 
Tel: 01-727 7042 or 0225 310916 


| VINTAGE RADIO COLLECTOR? Full 1982 


| Catalogue now available £1.50 post paid from the 


den Computypers type 5126, suitable invoicing, 


Any single service sheet £1 + sae. Repair date named 
etc. Complete with tape recorder, punch and 


TV £6.50 (with circ. £8.50). SAE brings free—500 mag- 


BRADLEY MULTIMETER CALIBRATOR, 
Solartron voltmeters, five off LM 1420. Solartron 
voltmeters two off 1444. Muirhead Impedance 
Bridge, also bridge attachment plus various other 
test equipment. Any reasonable offer. Ring Pirton 
425. (1635 


a 
BRIDGES, waveform/transistor analysers. Cali-. 
brators, Standards. Millivoltmeters. Dynamome- 
ters. KW meters. Oscilloscopes. Recorders. Sig- 
nal generators — sweep, low distortion, true 
RMS, audio, FM, deviation. Tel. 040 See tear 


Brinell Tester, diamond, microscope, ac- 
cessories £250. Tektronix 4-ch. plug-in 
£79, 5'’ CRT (boxed) £65. Marconi 450- 
1250 MHz £85, frequency meter £65. 
Laser £75. 30KV meter £35. Standard air 
cap £25. Transistor Curve Tracer £125. 
Centrifuge £59. 16mm reader £69. 35mm 
Aldis projector £25. Bolex Super-8 zoom 
$ auto cine camera £49. Flann attenuator 
£29. Marconi counter plug-in £15, range 
extension unit £15. Standby 4KVA diesel 
generator £199. TEL. 04-037 6236. BAL- 

NCE OF LAB CONTENTS AVAILABLE. 


ee 


AIR 


-8V 

MARCONI TF.2950 Mobile Radio Test Se 

pei TF.10668 AM/FM Signal Generator 
z 


3 Co nts, 
Filtration, Cont. distillation... FERS OVER £2500 
BPL CZ.457/4 Component Comparator and CZU Coe 2 


Send SAE for list to: i | 
MARTIN ASSOCIATES 
'PARTHIA', BECKHAMPTON 
NEAR MARLBOROUGH, WILTS. (1384)! 
TEL AVEBURY (067-23) 719 
SCHLUMBERGER Synthesised single sideband 


CORDER type 2305 precision sound level meter 
2203 (no microphone) Audio Freq. Spectrometer 


pectrum ser type 

50Hz-1MHz with 585A "scope (80MHz) with 82 
plug in unit and adaptor type 81 £598. Tektronix 
scope camera C12 £98. Tektronix sampling 
*scope type 661 with 5T3 timing unit and 50 ohms 
dual trace sampling unit 452A £195. MF Attenua- | 
tor DC-IMHz TF2162 £45. HP ‘scope type 175A 

dual beam delay line 50MHz £125. Plug-in Units 

1AS £48. 1A2 £50. 82 £60. Adaptor type 81 £25. | 
82, less valves transistors thyristors £20. 1A2, as | 
above, £20, Tektronix ’sco; ith 
in unit (80MH2) £145, R & S RF Millivoltmeter 
30Hz-30MHz £87, Valve characteristic meter 


VHF Signal generator type 608E Freq. 10- 


subject to availability. Tel. March 740886. Offers 
considered. 3 {164 


condition, housed in Racal cabinet, complete with 
MA282 adaptor, connecting leads and handbook, 
£265. Racal distribution amp, MA288, £35. 
Unused buffer ampi M eee Little used 
ferrograph tape recorder £45. Buyer to ing | 
collect. Morris, Bolton 52384. (1634) 


DVMs Solartrons, ‘Dynamcos B&K Recorder’ 
2305 HP Function Generator, Oscillators, Mar- 


coni Voltmeters, Electroflo temperature indica- f 
tors, Eurotherm controller, Amplifiers. Various j 


test gear. Send for list, open to offers. Contact 


"03708 5047 day, 03706 391 evenings. 
Leo, Tel 0 ys Feso) 


—_—— 


GENERATOR ‘MA350B Solid state synthesiser 
for MA79 or RAI17 — RA217 — RAIZ17 — £150 
to £200. MA250 — 1.6mc/s to 31.6mc/s — £150 
(New). MA259G — precision frequency stan- 


tor. FX2mc/s — 25mc/s Power up to 1000watts 


581A with 82 plug- jj 


D| 


dard — 5me/s Imc/s 100khz — £100 to £250. 
RACAL MA152 — Standing wave ratio indica- 


— 50 ohms — Auto trip switch — Transistor 
mains 100 — 250AC, new and boxed — £40. 
RACAL COUNTER 836 (9036) 32mc/s TTL circuit 
gen — tested with manual — £50 to £75. 
OSCILLOSCOPES COSSOR COU150 — 35mc/s — 
Twin Beam — Solid State — £175 with manual. 
TEXTRONIC OSCILLOSCOPE 647 and 647A Solid 
State — 50me/s and 100n `./s bandwidth — £250 
and £350. Tested, circuit and instructions. 
AERIAL MASTS — we have three masts ap- 
prox. 130ft high, complete with all fittings. Base 
— insulators, etc., Mast steel tube 8'' all parts 
alvanised, supplied brand new, all items 
poet — £1000 — or each complete mast — 
400. 
All items are bought direct from H.M. Govern- 


Radio, Whitehall Works, 84 Whitehall Road 
East, Birkenshaw, Bradford BD11 2ER. Tel. 


80 x 24 VDU 

All the electronics for a 24 lines by 80 
characters visual display unit on one as-- 
sembled and tested printed circuit board 
measuring 8.75 inch.x 6.50 inch. 

You provide: power supply +5v at 1.2 
amps +12v/-12v at 25mA, ASC11 en- 
coded keyboard, video monitor. 

The VDU-1 will talk to the R.S.232 serial 
port on your computer, at up to 19,200 
Baud 56 features including cursor (X, Y} 
addressing. 


pa, Warwickshire 
@l. (0926) 316110 1 


Lancs and Yorks _ 
ELECTRICAL, ELECTRONIC 
MECHANICAL 
Vast range always in stock, includes 
small transmission equipment; diodes; 
thyristors; resistors; terminals; relays; 
switches; test and measuring equip- 
ment; wire and cable. Many items by 


I mail order — send for free lists or 


browse and buy. 2 


A. C. TOWNLEY LTD. | 


Harehill, Todmorden, Lancs OL14 SJY 
(1649) 
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cash. Member of A.R.R.A. 


M & B RADIO 
86 Bishopsgate Street 
Leeds LS1 4BB 
0532-35649 


WANTED; Heathkit SB-620 Scanalyser. Also 
Advanced SGG3E (SG63E) FM/AM Signal Gen- 
erator. Details of condition and price, please, to: 
T. Hughes, Electronic Engineering Department, 


UCD, Merrion Street, Upper Dublin 2, Eire. Ph , 


Dublin 761584, ext. 222 (office hours). (1649) 


. SMALL BATCH PCBs produced from your art- 
work. Also DIALS, PANELS, LABELS. Cam- 
era work undertaken. FAST TURN- 


SHEET METAL WORK, fine or general front 
panels chassis, covers, boxes, prototypes, | off or 
batch work, fast turnround. — 01-449 2695. M. 
Gear Ltd., 179A Victoria Road, New Barnet, 
Herts. (812 


DESIGN SERVICES. Electronic design de-. 
velopment and production service available for 
digital and analogue instruments. RF Transmit- 
ters and receivers, telemetery and control 
systems. 20 years’ experience. R.C.S. Electronics, 
Wolsey Road, Ashford, Middlesex. Phone Mr 
:Falkner 5366). (8341 


i i REDUNDANT EQUIPMENT. Burroughs | Yao MH £195 All items in basic working order. || SIRIUS CYBERNETICS 
By return post — service/workshop manuals. Over 2,000 : f P i z . All items in basic wo THE SCIENTIFIC 
ny — over 300 different CTV plus h ks VCR/TV/ L5000 Business computer striped ledger version, | private sale. P&P extra. Payment COD. All goods, odge, 66 
a nsUKe 0 Laem Me fully maintained with service history. Singer Fri- | subject (Seale ine WEN hi WIRE COMPANY F 


P.o. Box 30, London, E.4 


35 to 40 3.40 7 
41 to 43 4.75 
8.37 


47 
48 ta 49 15.96 


7 SILVER PLATED COPPER WIRE 

14 to 30 6.50 3.75 2.20 
TINNED COPPER WIRE 

14 19 30 3.38 2.36 1.34 


PRINTED CIRCUIT BOARDS 


J. K. Harrison, Carnaby industrial Estate, Brid- 
lington, North Humberside- YO15 3QY. Tel. 


{1168} 


WANTED FOR CASH: 7F7, 7N7, 53, 6L6 

metal, 304TL, 4CX1000A, all transmitting, 

rec papas is of Rear AL DCO, 
chuyler Avenue, Nort i 

Jersey 07032, USA. i ENA 


PCB/equipment assembly/wiring from proto- 
type/drawings. Fast turnround. Tel. 01-390 0424, 


- Prices include P&P. VAT and Wire Data 
SAE for list. Oealer enquiries. welcome. 
Reg Office: 22 Coningsby Gardens. 
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40 Military Road, Colchester CO1 2AN. 
(1490) 


DESIGN AND DEVELOPMENT. ANAL- 
OGUE, DIGITAL, RF AND MICROWAVE 
CIRCUIT AND SYSTEM: DESIGN. Also PCB 
design, mechanical design and prototype/small 
batch production. — Adenmore Limited, Unit 
103 Liscombe, Bracknell, Berks. Tel: Bracknell 
52023. ' (656 


BATCH/VOLUME, production/prototype, wi- 
eg 3 peb/final gro servie: Fast 

. Youngtronic Ltd., 10 Kelvin Avenue, 
London N13 4TGY. Other associated specialist 
technical services — details available. Overseas 
clients welcome. (1614 


line.-Minimum £12.50 (prepayable). 


used in advertisement. 
@ Box No. Allow two words plus £T: 


Press Ltd.” and cross “& Co.” 


@ Name and address to be included in charge if 


@ Cheques, etc.,:payable to “IPC Business 


CLASSIFIED ADVERTISEMENTS 


-f 


H.C.R., 1 Bankside, off N 
„Street, Chelmsford, EM 


order. 


30,000 SERVICE SHEETS IN STOCK 
COLOUR MANUALS ALSO AVAILABLE 
TV Monos £2, Transistor: Radios £2, 
Tuners £2, Tape Recorders, Record 
Players and Stereograms £2. Stamped 
addressed envelopes with ail quota- | 
tions. Aiso colours available. Car Radios 
| £3 + stamped addressed envelope. All | 
valve radios £2, Stamped addressed en- 
f velope please. Quote advert. no. with 


C. CARAN 


71 Beaufort Pa 
01-458 4882 | 


ub A : {| Impregnating coils, transformers, components. | Sonal generator. SSB30 with Amplitude |} ment. being surplus equipment. Price is ex- i : a 
break” (2ms) static switch, ff} Vacuum equipment low cost, used and new, 40 signal ea TA 30 and BMD500 Attenuator Freq. || works. SAE for all enquiries. Phone for appoint- [SERVICES Use this Form for Sal 
for CRT regunning metallising. Researc MOHE to 32MHz £495, B & K LEVEL RE- |} ment for demonstration of any item. John's your Sales and Wants 


PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 


; 2112, the lot £398. HP Signal Analyser/Me- (0274) 684007. V.A.T. and Carriage extra. 3 fet ot 1 | mt Fa * 
ory Display Unit type 5480B width two channel occas Hatton Place, London ECIN SRV. Tel: 01:405 To “Wireless World" Classified Advertisement Dept., Quadrant House, The Q 

“WAYNE KERR B642 AUTOBALANCE UNI- | imput unit type 5485A and Control Unit 5486B | == a aac ndon Teloia ; 2 use, The Quadrant, Sutton, Surrey SM2 5AS 
$485, Tektronix-s Analy: ILS - @ Rate £2.50 PER LINE. Average six words per 


at 


à Vintage Wireless Co., 64 Broad Street, Staple | | Mark IV £95. Brandenburg EHT regulated powes |} VDU-1 Assembled and tested PCB £135 ! 
WORLD'S BIGGEST Mil Bristol BS16 SNL. Tel. 0272565472. (1638 | supply O:SKV £75., Signal Generator te) VDU- Assembled and tested PCB £ 135 i p 
INFORMATION SERVICE - et aM: Freq, 10MHz470MHz £285. HP |] A) Prices stlect to £2.50 tegistere diaa; ARTICLES FOR SALE: - IL i 


E offers/quotations — unique TV desk. Offers phone 0822-66477 office pours: ENAMELLED COPPER WIRE i 
a epte etary |e ee 3 BARGAI ER Bem gre 1a an 
narkshire . | i 
= Racal RA66B panoramic adaptor, in excellent R NS FOR CALL S 30 to 34 3.20 Fa 


+ 


L —_ aS 


REMITTANCE VALUE .............. 


b 


cutis ns, ENCLOSED 


PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION ........... 


wettest NUMBER OF INSERTIONS 
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RAYTHEON Model 704 
DTC MICROFILE MICROCOM! 


manufactured 1978/9. Further details on request. 
LICON VDU Keyboards. High quali i 

etc. BRAND NEW & boxed............ 
DEC Model VT52 VDU. 24 x 80, R 
IBM Model 1053 Golfbal! printer. Compact 15 cps high-reliabili 


interfaces. ...... wep 
PE Mo ud Printer. 


hardware, software & media 
HOW COST ..essoscscseeesnerestesncersnees 


INDEX TO ADVERTISERS JUNE 


Appointments Vacant Advertisements appear on pages 114-127 


PAGE 
Acoustical Mfg. Co. Ltd. ....+.sssescseeesteceeeerretesereass 33 
Aero Electronics (AEL) Ltd.. . 28 
A.H. Supplies ......+-..66.. 108 
Albertross (Products) Ltd. . 26 
Ambit International .... . 26 
Analogue Associates. 6 
Anglia Components .... sA 
Antex (Electronics) Ltd .. cover iii 
Audio Electronics....... cael 
Avalon Electronics .. . 92 


Avel Lindberg (Cotswold). 2 
Avonswitch Products ..».......-. . 94 
Bach-Simpson (UK) Ltd... . 32 
Bamber, B, Electronics..... 100 
Barnet Metal Car & Co. Ltd.. sale 
Barrie Electronics Ltd. ..... 108 
Black Star Ltd........+--02000+ vol? 
Broadfield & Mayco Disposals......-..::0rresereesssrcees 16 
Cambridge Kits ..........:ccccresssssessenserercesseeenensenaes 26 
Caracal Power Products Ltd. D 
Carston Electronics Ltd. .12 13 
Chiltern Electronics... oF 
Chiltmead Ltd..... 197 
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Clef Products (Electronics) Ltd q6 
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Cricklewood Electronics . 107 
Croydon Micro ........:ceseeeeesseesereererertcreens Beet 
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Dataman Designs... 

Display Electronics. č 
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Electricity Supply Handbook . .. 100 
Electronic Assistance Ltd.... PETA 
Electronic Brokers Ltd. BBP) oe 
Electrovalue Ltd. ..... mee) 
Essex Electronics ...-.:-serscoesers-cssoorsecanseenssseons veces 22 


—_— 


OVERSEAS ADVERTISEMENT 

AGENTS: 

France & Belgium: Norbert Hellin, 50 Rue de Chemin 
Veat, F-9100, Boulogne, Paris. 


_ Hungary: Mrs Edit, Bajusz, Hungexpo Advertising 
Agency, Budapest XIV, Varosliget. 
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INTFOIRE 
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COMPUTER APPRECIATION 
86 High Street, Bletchingley, Redhill, Surrey RH1 4PA. 


tem comprising 64K byte MOS memory; 3 VDU terminals; 4 
cassette drive & numerous multiplexor & option cards. Proces- 
uded. The whole system is contained in 2 rack cabinets ae 


R. Compact 8080 based system with 
programmable front panel display. Machines are available with one 
each), Software includes operating system, powerful BASIC, assembler and letter writer. NEW. .esseseestee £ 
MEMOREX Mode! 277B VDU. These VDU's are supplied with a net interface operating via a single coaxial 
connector, Microprocessor controlled with internal memory for 24 lines x 80. Complete with key! rd and 


mechanical print 
condition. Exactly equivalent to 735 less keyboard. Can be driven trom PIA (or simi 
and solenoid driver ICs (details available soon). Accepts standard office golfballs. 
ORE Model 633 i bi-directional! printer for commercial duty 


LETYI $ 
FACIT 4070 Paper Tape Punch. For 5-hole or 8-hole operation. Complete wi 
box and perspex cover. Parallel interface. New cost in excess of £1,200.... 


removable DISC DRIVE. 2.5 megabyte with industry st 
DIABLO! Sorte. 20 vat ible with RKOS, & POP 11 interfaces ars av ilable from AYLOGICS ‘at 


. Hilomast Ltd. 


OKIDATA Series 3300 Win: 


ual s! Severe 
| drive (currently $1700 POCUMA’ com: 

£585  DISCOM interface board for OLIVI 
BRAND NEW. 


£350 
er in fully refurbished 
lar) with addition of PSU 


EMS SYNTHESIZER 
prico £1,921......---seesnee 


Please note: 


a. These drives are K VAT and carriage extra all items 


Faircrest Engineering...... 
Farnell Instruments Ltd. . 
F.H. Precision Engineering . 
Fieldtech Heathrow Ltd. . 


Flight Electronics........::ssssssesssseesees PEETA esten 11 
Galatrek International Ltd...........:ccsecreeeeeeeseneeerers 22 
GAS Electronics........++..0++ 19 
Global Specialities Corp. (UK) Ltd.. m27 
Gould Instruments ...,..-..+.6+.66+ cover ii 
GP Industrial Electronics Ltd.........--cscsressessrerersers 66 
Greenwood cover iv 
Griftronic Emission Ltd...........:sssseceeseneeeseesareneres 
Hall Electric Ltd........cccosscsersecesseseerseesscsceeaeeerees 18 
Hameg Ltd..... wee 94 
Happy Memori 


Harris Electronics (London) .... 
Harrison Brothers Electronic Distributors . 
Hart Electronic Kits Ltd............+.:200+ 
Harwin Engineers S.A....... 

Hemmings Electronics and Mic: 
Henry’s Radio... 


House of Instruments..... 


ILP Electronics ........ccssscoressseerecorassecosccessconscees 104 


ILP Transformers ... 101 
Interface Quartz Devices. 14 
Iintergrex....-.sccccreceeeeers a2 
Irvine Business Systems ......e-seersssssserssesrseeereenr rere 28 


Keithley Instruments Ltd. 

Kelsey Acoustics Ltd. .............+ 

Langrex Supplies Ltd...........0sscessssseerssserseeeeeeenes 103 
aee - 94 


Levell Electronics .. 


LFH Associates Ltd. 110 
L&J Computers..........- . 16 
Marconi Communications .........s00ssseessenes 28) 
IMG Kyistieccscsccccctetssensteccsestexseeooressnct -8 
Memotech ,........0cceecssreee . 314 
Midwich Computers Co. Ltd Fk 
Modern Book Co., The......-...-+- . 94 
Monolith Electronics Co. Ltd., The........:-ssserseeereee 14 


‘Japan: Mr. Inatsuki. Trade Media — IBPA (Japan), B.212. 
Azabu Heights, 1-5-10 Roppongi, Minato-ku, Tokyo 106. 
Telephone: (03) 585 0581. 


United States of America: Ray Barnes, IPC Business 
Press, 205 East 42nd Street, New York. NY 10017 — Tele- 
: phone: (212) 867-2080. Telex: 238327. 

Mr Jack Farley Jnr., The Farley Co., Suite 1584, 35 East 
a Drive, Chicago, Illinois 60601 — Telephone: (312) 
Mr Victor A. Jauch, Elmatex International, P.O. Box 34607, 
Los Angeles, Calif. 90034, USA — Telephone (213) 821-. 
8581 — Telex: 18-1059. 


Tel: Godstone (0883) 843221 


Menane 2 transfer rate; 38 ms averag: 
UNUSED. 


ct card reader. CR11 compatible.. 

ET121 electronic typewriter. O' 
MOSELEY analogue X-¥ plotter. A4 size. Without pens. 
LASER ASSOCIATES Nd GLASS LASER. 1.06 micron w 
L Rums a hole through a steel rule. Complete with cooling system and output monitor. FULLY 


M 


% Visitors welcome but by appointment please x 
$ We are keen to bid competitively for all good used equipment 


Se O r T 


length. 1-2 J per pulse. A single pulse fromthe 


PAGE 
Northern Electronics .........ccccseecereersesenenresne serene 104 
Olson Electronics Ltd. .........-220000+ 
Orion Scientific Products Ltd...........2e0-+seeeer+ 
Papst MOLOTS.....--2.:cesccesescoecessereereeeasseenreeraaneoetens 4 
PM Components.... 98,99 
P. & R. Comtputershop ..........cecsuecceeeeeeseeeenenrraees 112 
Radio Components Specialities ........ E aoto 93 
Ralfe, P. F., Electronics........ . 110 
Research Communications .. .. 96 
Roxburgh Printers Ltd. -65 
Roxburgh Suppressors . .. 96 
RST Valves ....:--2:sccssscsscoesnscesssecerscsconenseares .. 103 
Safgan Electronics Ltd. ....-...s:sssesserssersecsreresseeers 24 
Sagin, M. R. ..esesepessrssreosereeeerererereserpresenereeeeeeerra 8 
Samsons (Electronics) Ltd. . .106 
Sarel Electric Ltd. .... BT 
Sescom Ine. .......+-++ 112 
Shure Electronics Ltd. . 34 
Siliconix Ltd. ..........--+++-+» 15 


South Midlands Communications... 
Special Products (Distributors) Ltd. 


S. & R. Amplification........-....-7 

Supersem Ltd. ..... 

Surrey Electronics - . 10 
Sursu Ltd..........ccccsesseseccerenerecereuenersensaseresens T92 
Technomatic Ltd. .......-.er eseese sesorerrereresesesenesee 20,21 
Television Magazine ... AE 
Thandor Electronics Ltd. .. 105 
Thanet Electronics ..... .. 108 
Thurlby Electronics (Reltech) .. .10 
Time Electronics Ltd. .........0--ssseeseeseeeeees 16 


Velleman UK..... 


Wave Tek Electronics ..........:cseesseeceereeeeee 
White House Electronics 
Wilmslow Audio............. 
Wireless World Circards 
W.K. Electronics ...........ccecccesenseeererarrereceenceensseres 


Your Computer 


Mr Jack Mentet, The Farley Co., Suite 650, Ranna Build- 

ing, Cleveland, Ohio 4415 — Telephone: (216) 621 1919. 

Mr Ray Rickles, Ray Rickles & Co., P.O. Box 2028, Miami 

Beach, Florida 33140 — Telephone (305) 532 7301. ' 

Mr Tim Parks, Ray Rickles & Co., 3116 Maple Drive N.E., 

Atlanta, Georgia 30305. Telephone: (404) 237 7432. 

Mike Loughlin, IPC Business Press, 15055, Memorial Ste 
: 119, Houston, Texas 77079 — Telephone (713) 783 8673. 


Canada: Mr Colin H. MacCulloch, international Advertis- 
‘ing Consultants Ltd., 915 Carlton Tower, 2 Carlton Street, 

Toronto 2 — Telephone (416) 364 2269. 

* Also subscription agents. 
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SK5-BP and SK6-BP Soldering Kits 
fitted with safety plugs. 

SKS-BP Kit R.R.P. £7.10 
SK6-BP Kit R.R.P. £7.20 


TCSU1 Soldering Station 

for safe 24 volt temperature-controlled 
miniature soldering iron, variable tip 
temperature 65 - 430°C, antistatic 

earth connection, with XSTC or CSTC iron. 
R.R.P. £40.50 


ST4 Stand 
R.R.P. £1.60 TCR | 
MOOL Fo) 
Y2sesere%w 


Model XS-BP 
-- 25 Watts 
fitted with safety 
plug 240 volts 
R.R.P. £5.55 


Model C — 15 Watts 
Stainless steel shaft only. 


Model XS ay and 115 volts R.R.P. £4.60 
— 25 Watts Mode} CS and 24 volts R.A.P. £4. 
Available for 240 Model CS-BP — 17 Watts p 
and 115 volts — 17 Watts. Available for 240 
R.R.P. £4.70 Fitted with safety and 115 volts Model CCN — 15 Watts 
50, 24 and 12 volts plug. 240 volts R.R.P. £4.60 Ceramic shaft only. 240 volts. 
R.R.P. £4.80 R.R.P. £5.45 50. 24 and 12 volts R.R.P. £5.00 

R.R.P. £4.80 


SKS Soldering kit 
contains model CS230 iron 
and the ST4 stand R.R.P. £6.25 


SKE Soldering kit 
contains Modet XS230 iron 
and the ST4 stand R.R.P. £6.35 


ing you need 
inthe NEW Antex all-in-one pack! 


soy stand, lead, plug and solder — it’s all ready to go. 

The new stand is tough and compact, designed for greater 

efficiency in minimum bench space. 

pees cech non has al the Antex features — the big range of 
F 5, the low leakage factor, the superb insulatior 

the strong lightweight a f ie 


So when you need another in i f 
F J soldering unit fast — here’s a ho 
tip. The new Antex all-in-one pack. 3 5 


A P 
Everyth 


WW—002 FOR FURTHER DETAILS te 
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the new name in quality solder 


Now there is another choice in high quality solder. The new Oryx resin cored solder. Try it and you will find it spreads _ 
easier than the solder you are using. 
Specially formulated for fast Pecvee solder work, it is 60% tin, 40% lead alloy with quality flux construction and melts at 183°C. 


Two gauges are available—18 SWG (1.2mm) and 22 SWG (0.71mm) in 2.5 Kg, 500g, 250g and 100g reels. Pocketsize 
dispenser with 10 feet of Oryx 1mm solder is also avalehe at only 68p (+VAT). 


Oryx is competitively priced —write now for details and technical information. 


Greenwood Electronics Limited, Portman Road, Reading, Berkshire RG3 INE. Telephone: (0734) 595844. Telex: 848659 


The TC82-a significant 
development in 
temperature 
controlled 
soldering 


The new Oryx TC 82 has features unique to any 
temperature controlled precision soldering iron. 
Available in 24 V, 50 V, 115 Vand 210/240V models, 
the TC 82 has a facility allowing the user to accurately 
dial any tip temperature between 260°C and 420°C 
by setting a dial in the handle without changing tips. 

This eliminates the need for temperature 

measuring equipment. You get faster and better soldering. 

For 24 V models a special Oryx power unit connects directly to the iron and contains fully isolated transformer to BS3535, a 

safety stand, tip clean facility and illuminated mains socket switch. 
The Oryx TC 82s also extra-safe. Removing the handle automatically disconnects the iron from power source. 
Other TC 82 features include: Power-on Neon indicator in handle; burn proof cable; choice of 13 tip styles. 
And more good news 
The Oryx TC 82 iron costs only £13.00 (+ VAT) and the power unit for 24 V operation £23.00 (+ VAT). 
The TC82 240 volt is also available as a 30 watt general purpose iron at only £3.95 (+VAT). 


Greenwood Electronics 


Greenwood Electronics Limited, Portman Road, Reading, Berkshire RG3 INE. Telephone: (0734) 595844. Telex: 848659 ` 
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